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SECTION |
GENERAL DESCRIPTION

1-1. GENERAL INFORMATION

A. SCOPE OF MANUAL

This publication comprises operating and service instructions for the acqui-

sition system which forms a part of the Mercury ground instrumentation at the
Bermuda site.

B. PROJECT MERCURY SCOPE

(1). The prime objective of Project Mercury is manned orbital flight with
a safe return of the man from orbit. The manned vehicle or satellite that is placed
into orbit is called the capsule, and the individual making the orbital flight is called
the astronaut.

(2). A launch vehicle with a radio-inertial guidance system will be used to
place the capsule into orbit. The launch will be from Cape Canaveral, Florida.
Launch azimuth will be slightly north of east (inclined 32.5 degrees to the equator)
with the nominal orbit insertion point approximately 410 nautical miles from Cape
Canaveral. The planned orbit will have a period of 88 minutes and will be at an alti-
tude of 105 £5 nautical miles.

(3). Initially, the orbital flights will each consist of three orbital cycles
with a water landing west of Puerto Rico. In the event of an in-flight emergency,
backup systems are provided in the capsule to permit the flight to continue until the
next passage over the eastern United States. Emergency landings at the completion of
one orbit can be made in the Atlantic off of Charleston, South Carolina or near
Bermuda. At the end of the second passage, the emergency landing area is in the
Atlantic off of Charleston, South Carolina. If a malfunction occurs during the early
launch phase, emergency procedures will permit a water landing off of Cape Canaveral.
Controlled retro firing will be used to contain most of the abort impact areas near
Bermuda or in the vicinity of the Canary Islands.

(4). To implement Project Mercury, a world-wide network of 18 ground-
based tracking and instrumentation sites has been established together with a control
center and a computing and communications center. Eleven of these sites are
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equipped with long range tracking radars; these compose the tracking network. Six-
teen sites have telemetry receiving and display equipment. Six of the sites are
equipped to transmit command control signals to the capsule; these are known as
command sites. Sixteen of the sites are equipped with capsule communication equip-
ment that provides two-way voice contact with the astronaut. In addition, all of the
sites are linked with the computing and control centers by a ground communication
network. See figure 1-1 for the locations of the sites.

C. SITE FUNCTIONS
From orbit insertion until landing, the tracking and ground instrumentation

systems will provide continuous prediction of the capsule location, they will monitor
the status of the capsule and astronaut, and they will permit the command functions
necessary for the mission. The functions of the tracking and ground instrumentation
systems are completed when the capsule has landed and the best possible information
on the landing point location has been supplied to a recovery team. Table 1-1 lists the

various sites and the functions of each.

D. SYSTEM FUNCTION
The function of the acquisition system is to supply pointing data, that is

capsule azimuth and elevation, to the radars, active acquisition aids, receiving anten-
na, and transmitting antennas. Pointing data is made available to the automatic-
tracking radars and active acquisition aids for initial acquisition of the capsule and to
aid them in quick re-acquisition if they lose the capsule during a pass over the site.
The other antennas on the site normally are pointed at all times during a pass by data

from the acquisition system.

1-2. EQUIPMENT SUPPLIED
Table 1-II lists the equipment supplied for the acquisition system. A number of

items of test equipment shown in this table are also used for other systems on the site.
Such items are listed in the applicable manuals of the other systems as well as in this
manual.

1-3. DESCRIPTION OF ACQUISITION SYSTEM

A. GENERAL
The acquisition system at Bermuda consists of two acquisition data consoles,
two active acquisition aids, a synchro remoting system, and four synchro line ampli-
fiers. One acquisition data console and one active acquisition aid are at Coopers
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TABLE 1-I. FUNCTIONS OF EACH SITE

-Band C-Band Telemetry Command
| poir | gk Capele | “Gonrol
Tracking | Tracking | Communications —_—
Cape Canaveral, Florida X X X X
Grand Bahama Island - - X -
Grand Turk Island - - X -
Bermuda X X X X
Atlantic Ship - - X -
Grand Canary Island X - X -
Kano, Nigeria - - X -
Zanzibar - - X -
Indian Ocean Ship - - X -
Muchea, Australia X - X X
Woomera, Australia - X X -
Canton Island - - X -
Kauai Island, Hawaii X X X X
Point Arguello, California X X X X
Guaymas, Mexico X - X X
White Sands, New Mexico - X - -
Corpus Christi, Texas X - X -
Eglin, Florida X X - -

Island, Bermuda, and one acquisition data console and the other active acquisition aid
are at Town Hill, Bermuda. Three synchro line amplifiers are at Coopers Island,
and one is at Town Hill. Units of the synchro remoting system are both at Coopers
Island and Town Hill. Each of these units and systems is described in the following
paragraphs.

B. PHYSICAL DESCRIPTION

(1). COOPERS ISLAND ACQUISITION DATA CONSOLE (Figure 1-2)
The Coopers Island acquisition data console consists of two racks,
each 59-5/8 inches high, 23-9/16 inches wide, and 22 inches deep, on which are

mounted several panels. The two racks of the acquisition data console are bolted to~

gether and to the active acquisition aid control console, as shown in figure 1-2. A
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TABLE 1-1I, EQUIPMENT SUPPLIED (Cont,)

Instruction Book Inventory

Equipment Manufacturer Model Ay. Number and Title
TEST EQUIPMENT (Cont. )
Noise and Distortion Hewlett-Packard Company | 330B 2 |ME-194 - 330B/C/D Noise and

Analyzer
RF Detector
Tube Analyzer
Variac
Variac
Attenuator Pad

Miscellaneous Cables
and Accessories

Telonic Industries XD-3
Incorporated

Triplett Electrical 3444
Instrument Company

General Radio Company W5MT

General Radio Company W10MT

Telonic Industries, TGC-50
Incorporated

Distortion Analyzer, Operat-
ing and Servicing Manual

ME-135 - Instruction Manual

ME-199 - Instruction Manual,
Model 3444 Tube Analyzer

ME-245 - Operating Instruc-
tions for W5 Variac

ME-246 - Operating Instruc-
tions for W10 Variac

SIT-SIN
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TABLE 1-II. EQUIPMENT SUPPLIED (Cont. )

Instruction Book Inventory

Equipment Manufacturer Model Qty. Number and Title
TEST EQUIPMENT (Cont. )
Wide Range Oscillator Hewlett-Packard Company | 200 CD 4 |ME-198 - Operating and
Servicing Manual
Unit Oscillator General Radio Company 1209-BL 1 |ME-212 - Operating Instruc-
tions, Types 1209-B and BL
Unit Oscillators
Universal Eput and Timer Beckman Instruments, 7370 5 |ME-196 - Instruction Manual,
Incorporated Model 7370 Universal EPUT
and Timer
Frequency Converter Beckman Instruments, 7570 through 5 |ME-197 - Instruction Manual,
Incorporated 7573 Model 7570 Series Frequency
Conversion Equipment
Field Strength Meter Empire Devices NF-105(Bendix 1 |ME-102 - Instruction Manual
Products Corporation Part No. for Noise and Field Intensity
A683917) Meter
Microwave Power Meter Hewlett-Packard Company | 430C 2 |ME-233 - Operating and
Servicing Manual
Power Output Meter The Daven Company OP-962 1 [ME-154 - Instruction Manual
Potentiometric DC John Fluke Manufacturing 801 1 |ME-118 - Model 801 Poten-
Voltmeter Company, Incorporated tiometric DC Voltmeter,
Instruction Manual
Vacuum Tube Voltmeter Hewlett-Packard Company | 410B 6 |ME-190 - Operating and
Servicing Manual
Vacuum Tube Voltmeter Hewlett-Packard Company | 400D 5 |ME-191 - 400D/H/L Vacuum
Tube Voltmeter Operating
and Servicing Manual
Volt-Ohm-Milliammeter Triplett Electrical 630-PL 8 |ME-193 - Instruction Manual,

Instrument Company

Model 630-PL Volt-Ohm-
Milliammeter

SIT-SIN

I uod9s
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common writing surface extends 18-1/2 inches from the front of both consoles. Omit-
ting blanks and starting at the top, the panels of the left rack of the acquisition data
console are an intercom panel, an acquisition data panel (number 1), a synchro line
amplifier (number 2), and a dual power supply. The panels in the right rack are a
second acquisition data panel (number 2) and another synchro line amplifier (number
1). Ten intercom phone jacks, intwo sets of five each, are mounted on the front of
the writing surface. Three relay chassis are mounted in the console, one on the left
side of the right rack, one on the right side of the left rack, and one on the left side of
the left rack. All of these chassis are near the acquisition data panels. Approxi-
mately in the center of the back of the left rack is mounted a voltage step-down trans-
former. For information on the intercom panel, which is not functionally a part of
the acquisition data console, refer to the Intrasite PBX and Intercom System Manual,
MS-109. For a description of the synchro line amplifiers, refer to paragraph 1-3, B. (3).

(a). ACQUISITION DATA PANEL NUMBER 1
Acquisition data panel number 1 is made up of displays, indicators

and controls.
1. Across the top of the panel there are three pairs of synchro
receivers which display azimuth and elevation data from the
Coopers Island active acquisition aid, the Verlort radar and the
FPS-16 radar. There also is a pair of lamps which indicates
the azimuth position of the active acquisition aid relative to the

limits of cable wrap.

2. Just below the synchro receivers there is a row of indicat-
or and switch assemblies, henceforth called simply indicators
and switches. The indicators consist of a set of lamps, color
filters over the lamps, and a white, translucent screen on the
front of the assembly. The switches are like the indicators
with the addition of a multi-pole switch and a coil which when
energized holds the switch contacts in their actuated position.
The switch is initially actuated by depressing the screen. The
screens of both the indicators and switches always appear white
when the lamps are not lit. When the lamps are lit, the screens
appear red, yellow, or green, depending on the color of the
filters in the particular assembly.

1-9
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3. On the left, below the active acquisition aid synchro re-
ceivers, are two indicators and one switch. One of the indi-
cators is labeled "AUTO" (yellow when lit). The other is a
double indicator, the top half of which is labeled "SLAVED"
(green when lit), and the bottom half "MANUAL" (red when lit).
The switch is labeled "SOURCE" (yellow when lit).

4, Two more indicators and a switch are below the Verlort
radar synchro receivers. One of the indicators is labeled
"VALID TRACK" (yellow when lit). The other is a double in-
dicator, the top half of which is labeled "SLAVED" (green when
lit), and the bottom half "MANUAL' (red when lit). The switch
is labeled "SOURCE" (yellow when lit).

5. Beneath the FPS-16 radar synchro receivers are two indi-
cators and a switch which have the same labels and colors when
lit as the corresponding indicators and switch associated with
the Verlort radar.

6. In the lower left-hand corner of the panel there is one in-

dicator and two switches. The indicator is labeled ""NO DATA
ON BUS, " and both of the switches are labeled "28 V SUPPLY."
The indicator is red when lit. The switches are either red or

green when lit.

7. In the bottom center and bottom right-hand corner of the
panel there is a pair of synchro transmitter-synchro receiver
combinations, one for manual elevation settings and one for
manual azimuth settings. The synchro transmitters are turned
by handwheels on the front of the panel; the synchro receivers
indicate the angular position of the transmitter rotors. Between
the two receivers there is a switch labeled "SOURCE" (yellow
when 1it).

(). ACQUISITION DATA PANEL NUMBER 2
Like acquisition data panel number 1, acquisition data panel number 2

is made up of displays, indicators, and controls.
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1. Across the top of the panel there are three pairs of synchro
receivers which display azimuth and elevation data from Town
Hill, transmitting antenna number 1 and transmitting antenna
number 2. Nextto each of the transmitting antenna azimuth syn-
chro receivers there is a pair of lamps which indicates the

antenna azimuth position relative to the limits of cable wrap.

2. Two indicators and a switch are below the Town Hill syn-
chro receivers. These units have the same labels and colors
when lit as the corresponding units associated with the Verlort
and FPS-16 radar synchro displays.

3. Beneath the synchro receivers for each of the transmitting
antennas is one double indicator. The top half of each of these
indicators is labeled "SLAVED'" (green when lit) and the bottom
half is labeled "MANUAL" (red when lit).

4. In the lower left-hand corner of the panel there is one indi-
cator which is labeled "DATA LINK POWER" (green when lit).

(c). DUAL POWER SUPPLY
The dual power supply panel provides mounting for four chassis.

These chassis together with one of the relay chassis described below
make up two 28 VDC power supplies. Each power supply has a trans-
former, a silicon bridge rectifier, a fuse, and two filter capacitors
on one chassis, and a filter choke and three filter capacitors on a
second chassis on the dual power supply panel. On the front of the
panel are an off-on switch, which controls the primary power to both
power supplies; a power-on indicator; and four line fuses —two for

each power supply —in indicating-type fuse holders.

(d). RELAY CHASSIS

The relay chassis on the right side of the left rack of the acquisition

data console provides mounting for two relays and four diodes which
make up control circuitry for the 28 VDC power supplies. This
chassis also provides mounting for four relays which when energized

connect acquisition data from various sources to the acquisition bus.
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The relay chassis on the right rack of the console provides mounting
for three relays which are in the circuits of the d-c indications from
Town Hill. The chassis on the left side of the left rack provides
mounting for two relays which protect synchros from damage in the
event that reference voltage is turned off in the console while it is
still applied to either of the site radars.

(2). TOWN HILL ACQUISITION DATA CONSOLE (Figure 1-3)
The Town Hill acquisition data console consists of a single rack,
59-5/8 inches high, 23-9/16 inches wide, and 22 inches deep on which are mounted
several panels. In general physical appearance it is similar to the left rack of the

Coopers Island console. It is bolted to the Town Hill active acquisition aid control
console, and a common writing surface is across the front of the two (see figure 1-3).
The panels in the acquisition data console are an intercom panel, an acquisition data
panel, a synchro line amplifier, and a dual power supply. On the front edge of the
writing surface there are two sets of five intercom phone jacks. A relay chassis is
mounted in the console on the right side. As at Coopers Island, the intercom panel
is not functionally a part of the acquisition data console; for information on it, refer
to the Intrasite PBX and Intercom System Manual, MS-109. For a description of the
synchro line amplifier, refer to paragraph 1-3. B. (3).

(a). ACQUISITION DATA PANEL
The acquisition data panel in the Town Hill console is made up of

displays, indicators, and controls.

1. At the top of the panel there are three pairs of synchro re-
ceivers which display azimuth and elevation data from the Town
Hill active acquisition aid, the receiving antenna, and from
Coopers Island. Two pairs of lamps indicate the positions of
the active acquisition aid and receiving antenna relative to the
limits of cable wrap.

2. Below the active acquisition aid synchro receivers are two
indicators and a switch. These are the same as the active ac-
quisition aid indicators and switch on the Coopers Island console,

3. There is one double indicator below the receiving antenna
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synchro receivers, It is the same as the transmitting antenna
indicators at Coopers Island.

4, Beneath the Coopers Island synchro receivers there is a
switch which is labeled "SOURCE" (yellow when lit).

5. In the bottom center and right-hand corner of the panel
there are manual input controls and displays which are the same

as the corresponding units on the Coopers Island console.

6. Inthe lower left-hand corner of the panel are two switches
and two indicators. These indicators and switches are the same

as the corresponding ones at Coopers Island.

(b). DUAL POWER SUPPLY
The dual power supply in the Town Hill acquisition data console is

identical to the dual power supply in the Coopers Island console (refer
to paragraph 1-3. B. (1). (¢). ).

(c). RELAY CHASSIS

The relay chassis on the console has mounted on it two relays and

four diodes which compose the dual power supply control circuits.
Also mounted on the chassis are four other relays, three of which
when energized connect acquisition data from various sources to the
acquisition bus. The fourth switches the synchro remoting system
inputs which originate at Town Hill.

(3). SYNCHRO LINE AMPLIFIERS

The synchro line amplifiers are mounted on 7-inch by 19-inch panels,

two in the Coopers Island acquisition data console, one in the Verlort radar, and one
in the Town Hill acquisition data console. Each line amplifier consists of two pairs

of amplifier units. Each pair makes up an amplifier channel; thus, a synchro line
amplifier has two channels, one for azimuth information and the other for elevation
information. On the front of the panel of each line amplifier there are two identical
sets of controls. Each set consists of two line compensation controls, an off-on
switch, a power-on indicator lamp, and a fuse. On the back of the panel there are

two individual chassis, each of which contains two amplifier units (one amplifier chan-
nel) and a power supply. For a complete physical description of the synchro ampli-
fier, refer to the applicable equipment manual.

1-16




1-3.B. (4). MS-112 Section I

(4). ACTIVE ACQUISITION AID (Figures 1-2 through 1-10)

Each of the active acquisition aids, which are systems in themselves,
comprises eleven major units or assemblies; these are a control console, a receiver
cabinet, a servo cabinet, an antenna and pedestal, two amplidynes, two diplexers, a
triplexer, an RF housing, and a boresight antenna and transmitter. The two active

acquisition aids are identical except for the control consoles, which differ by only one
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Figure 1-4, Active Acquisition Aid Receiver Cabinet and Servo Cabinet
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(8). The Coopers Island active acquisition aid control console (shown
along with the acquisition data console in figure 1-2) has the same
over;!.ﬁ dimensions as one of the racks of the acquisition data console,
to which it is bolted. As does the acquisition data console, the active
acquisition aid control console consists of a rack in which are mount-
ed a number of panels., The controls, indicators, and switches for
the operation of the active acquisition aid are on these panels.

1-18

Figure 1-5. Active Acquisition Aid Antenna and Pedestal
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2

Figure 1-6. Active Acquisition Aid Amplidyne

(b). The Town Hill active acquisition aid control console, shown in
figure 1-3, is the same as the Coopers Island console except for the
top panel. At Coopers Island this panel is blank, At Town Hill it is
a signal strength meter panel with four meters, four indicator lamps,
and four meter calibration potentiometers.

(c). The receiver cabinet contains the circuits of the active acquisi-
tion aid which develop the error signals used to position the antenna
for tracking., The receiver cabinet is 23-9/16 inches wide, 22 inches
deep, and 77 inches high. It is bolted to the servo cabinet, (See fig-
ure 1-4,)

(d). The servo cabinet (figure 1-4) houses components of the servo
system which positions the antenna in azimuth and elevation. Rs over-
all physical dimensions are the same as those of the receiver cabinet,
to which it is bolted.

(e). The Town Hill active acquisition aid antenna and pedestal (figure
1-5) includes aquad-helix array, an HF dipole and reflector, a ground
plane, four hybrid rings, and the pedestal itself. The antenna and
pedestal at Coopers Island is the same except that it has no HF dipole
and reflector.
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(f). For physical descriptions of the amplidynes, diplexers, triplex-
er, RF housing, and boresight antenna and transmitter (figures 1-6
through 1-10) and for complete physical descriptions of the control
console, receiver cabinet, servo cabinet, and antenna and pedestal,

refer to the applicable equipment manual,
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Figure 1-8. Active Acquisition Aid Triplexer (Multiplexer)
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Figure 1-9. Active Acquisition Aid RF Housing

(5). SYNCHRO REMOTING SYSTEM (Figure 1-11)
The synchro remoting system consists of two, identical transmitter-

receivers, both of which are housed in cabinets 68-3/8 inches high, 23-9/16 inches
wide, and 23 inches deep. The units consist of two transmitter channels and two re-
ceiver channels each, one transmitter and one receiver channel for azimuth informa-
tion and one transmitter and one receiver channel for elevation information. The
complete system thus provides two-way transmission and reception of both azimuth
and elevation synchro information. For a complete physical description of the units
of the synchro remoting system, see the applicable equipment manual.
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Figure 1-10, Active Acquisition Aid Boresight Antenna and Transmitter

ADDITIONAL EQUIPMENT

(a). SYNCHRO REFERENCE VOLTAGE TRANSFORMERS

The synchro reference voltage step-up transformer is shown in fig-
ure 1-12. Its dimensions are 12-1/2 inches by 13 inches by 15 inches
and its weight is 150 pounds. A synchro reference voltage step-down

transformer also is shown in figure 1-12. Its dimensions are 7-5/8
inches by 7-5/8 inches by 7-1/2 inches, and its weight is 35 pounds.

(b). MASTER-SLAVE RELAY PANEL
The master-slave relay panel, shown in figure 1-13, consists of a

control relay and two terminal boards.
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Figure 1-12, Synchro Reference Voltage Step-up and Step-down Transformers

(c). ANTENNA DRIVE POWER CUTOFF SWITCH AND WARNING
LIGHT

The antenna drive power cutoff switch and warning light (figure 1-14)

contains a double-pole, single-throw switch and a red warning light

mounted on a 6-inch by 12-3/4-inch frame.

C. FUNCTIONAL DESCRIPTION

(1. GENERAL

(a). The acquisition system at Bermuda comprises two essentially
separate parts whose interconnecting circuits are used only in the
initial stages of acquisition or in the event of a serious malfunction in
one part of the system. One part is at Coopers Island. It is made up
primarily of one acquisition data console and one active acquisition
aid, and it supplies acquisition and tracking information to the Verlort
and FPS-16 radars and the two Coopers Island transmitting antennas.
The other part of the complete system is at Town Hill. It consists
primarily of one acquisition data console and one active acquisitionaid,
and it supplies tracking informationtothe receiving antenna at Town Hill.
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Figure 1-14, Antenna Drive Power Cutoff Switch and Warning Light

(b). The acquisition system equipment at Coopers Island and that at
Town Hill normally operate independently of one another. However,
the two groups of equipment are interconnected by the synchro remot-
ing system, which provides data for monitoring during normal opera-
tion and in the initial stages of acquisition. Under abnormal circum-
stances it permits the antennas at Town Hill to be positioned in

accordance with data from Coopers Island, or vice versa.

(¢). The function of the acquisition system is to supply capsule azi-
muth and elevation data to the steerable antennas on the site. Figure
1-15 illustrates this function. When no actual tracking informationis

available, the predicted azimuth and elevation of the capsule at a
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given time are put onto the acquisition bus at Coopers Island and at
Town Hill by the settings of synchro transmitters on the acquisition
data consoles. The settings of these synchro transmitters are the
manual inputs shown on figure 1-15. The information manually set
into the acquisition data console at Coopers Island is then available to
the Verlort radar, the active acquisition aid, the FPS-16 radar, and
the two transmitting antennas. The information manually set into the
acquisition data console at Town Hill is available to the Town Hill ac-
tive acquisition aid and the receiving antenna. Once either active
acquisition aid has acquired the capsule and is tracking it automatic-
ally or manually, its information on capsule azimuth and elevation is
available for putting on the acquisition bus for use by all of the other
steerable antennas on the site. It is of course possible that one of the
radars at Coopers Island will acquire the capsule before either of the
active acquisition aids. In this event, data from the tracking radar
will be put onto the acquisition bus.

(d). Figure 1-16 is a simplified block diagram of the acquisition sys-
tem. The acquisition bus, which distributes the two channels (azi-
muth and elevation) of acquisition data, is illustrated by heavy lines.
The bus at Coopers Island connects the acquisition data console to the
various other pieces of equipment there, and the bus at Town Hill con-
nects the console and the other equipment in that area. The synchro
remoting system, which consists of the two synchro remoting trans-
mitter-receivers shown on figure 1-16, connects the Coopers Island
and Town Hill acquisition buses to each other, and depending on the
settings of the data source, selectors can be considered as an exten-
sion of either bus. At Coopers Island, data from one of five sources
is put onto the acquisition bus by the data source selector, which con-
sists of several switches and relays on the acquisition data console.
The five sources are the manual input, the active acquisition aid, the
Verlort radar, the FPS-16 radar, and Town Hill. Except when the
Verlort radar is the source, data on the bus goes from the acquisition
data console directly to the two transmitting antennas, through syn-
chro line amplifier number 3 to the Verlort radar, and through
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synchro line amplifier number 1 to the active acquisition aid, the
FPS-16 radar and to a synchro remoting transmitter-receiver for
transmission to Town Hill. When the Verlort radar is the selected
source of data, the data does not go through the acquisition data con-
sole, but is switched directly onto the acquisition bus by the radar
control relay (which is energized by the data source selector on the
console). Manual data is available for switching onto the acquisition
bus whenever the synchro transmitters on the acquisition data console
have the necessary information set into them. Data from the radars
is available for switching onto the bus whenever they are tracking
automatically. Data from the Coopers Island active acquisition aid
can be switched onto the bus whenever it is tracking automatically or
manually. Data from Town Hill can be used at Coopers Island when-
ever the Town Hill active acquisition aid is tracking. Display data
and operating mode information from the Coopers Island active acqui-
sition aid, radars, and transmitting antennas, and from Town Hill
also are supplied to the Coopers Island acquisition data console. The
paths of the display data and operating mode information are not shown
on figure 1-16.

(e). At Town Hill, data from one of three sources, manual input, the
Town Hill active acquisition aid, or Coopers Island, is putonto the
acquisitionbus by the data source selector. From the acquisitiondata
console, data on the bus goes directly to the active acquisition aid, the re-
ceivingantenna, and to a synchro remoting transmitter-receiver for
transmission to Coopers Island. Displaydata and operating mode in-
formation, notshown onfigure 1-16, are supplied from the receiving
antenna and the active acquisition aid to the acquisitiondata console.

COOPERS ISLAND ACQUISITION DATA CONSOLE

The acquisition data consoles are the control centers of the acquisi-

tion system. The Coopers Island console contains indicator lights, synchro displays

(receivers), and control switches. It also contains synchro transmitters for putting

predicted acquisition data into the system. The inputs to the console, other than

primary power, are operating mode information in d-¢ form, synchro display data,

and synchro position data. The operating mode information is used simply to light
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lamps which indicate the operating mode of the steerable antennas: automatic track-

ing, manual tracking, or slaved. Synchro position data is put on the acquisition bus

for slaving the active acquisition aid, the transmitting antennas, and the radars.

Synchro display data is displayed by means of synchro receivers on the console. This

data is used only for monitoring purposes; it is not put on the acquisition bus for slav-

ing purposes. The functions of the various indicators, displays and controls on the

console are described in the following paragraphs; a simplified schematic is shown in

figure 1-17.

(@). The d-c indications coming into the console from transmitting
antenna number 2 are "SLAVED" and "MANUAL'" mode indications
and a "CABLE WRAP" indication. The only synchro data from this
antenna is azimuth and elevation display data. This data is displayed
on two synchro receivers on the console. (Each of the synchro sym-
bols on figure 1-17 represents a pair of synchros, one for azimuth
data and one for elevation data.) The mode indicators (which are con-
trolled by an operator at the antenna servo rack) and the synchro dis-
plays allow the acquisition data console operater to monitor the oper-
ation of the antenna insofar as its positioning in azimuth and elevation
is concerned. The cable wrap indication permits the acquisition data
console operator to determine the azimuth position of the antenna
relative to its cable wrap limits. (The rotation of the antenna is re-
stricted to 540 degrees because of cabling which wraps around the
pedestal as it turns.)

(b). The d-c indications and synchro data coming into the acquisition
data console fromtransmitting antenna number 1 are the same as those
coming from transmitting antenna number 2 (described inthe paragraph

above).

(c). The mode indications from the Verlort radar are '"VALID
TRACK, " "SLAVED'" and "MANUAL. " These indications show
whether the radar is tracking the capsule automatically, is being
operated manually, or is slaved to the data on the acquisition bus. The
only synchro information coming in to the acquisition data console
from the radar is azimuth and elevation display data. Verlort radar
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position data does not come into the console at any time, but is put
onto the acquisition bus by a relay in the radar which is controlled by
a switch on the console. This switch and the path of the d-c¢ control

for the radar relay are shown in simplified form on figure 1-17.

(d). The mode indications from the FPS-16 radar are "VALID TRACKY
"SLAVED, " and "MANUAL. " As in the case of the Verlort, these in-
dications show whether the radar is tracking the capsule automatically,
is being operated manually, or is slaved to the data on the acquisition
bus. Two separate sets of synchro information come into the console
from the FPS-16 radar; these are display data and position data. The
display data is displayed on a pair of synchros on the console. The
position data, which comes from a separate set of synchro transmit-
ters on the radar, is available for switching onto the acquisition Bus.

(e). Mode indications coming into the console from Town Hill are
"VALID TRACK, " "SLAVED, " and "MANUAL. " These indications
show whether the active acquisition aid at Town Hill is tracking the
capsule automatically, is being operated manually, or is slaved to
data on the acquisition bus at Town Hill. The synchro information
from Town Hill is azimuth and elevation position data which can be
switched onto the acquisition bus. This same data, after passing
through synchro line amplifier number 2 for purposes of isolation, is
displayed by a pair of synchro receivers on the acquisition data

console.

(f). The d-c indications coming into the acquisition data console
from the Coopers Island active acquisition aid are "AUTO, "
"SLAVED, " and "MANUAL" mode indications and a "CABLE WRAP"
indication. These indications show whether the active acquisition aid
is tracking the capsule automatically, is being operated manually, or
is slaved to the data on the acquisition bus. The cable wrap indication
is the same as that of the transmitting antennas. As from the FPS-16
radar, two separate sets of synchro information come into the console
from the active acquisition aid; these are display data and position
data. The display data is displayed on a pair of synchros on the
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console. The position data, which comes from a separate pair of
synchro transmitters on the active acquisition aid, is available for
switching onto the acquisition bus.

(g). Data from the manual input synchro transmitters on the console
is displayed by a pair of synchro receivers and is available for switch-

ing onto the acquisition bus.

(h). A power-on d-c indication (not shown on figure 1-17) comes in-
to the console from the Coopers Island transmitter-receiver unit of
the synchro remoting system.

(i). DPosition data from the radars, the active acquisition aid, the
manual input, or Town Hill is put onto the acquisition bus by means
of switches and relays. These switches and relays are shown on fig-
ure 1-17 simply as switches beneath the manual, active acquisition
aid, radar, and Town Hill displays. These controls, which make up
the ''data source selector' shown on figures 1-15 and 1-16, are
electrically interlocked with each other and with a sixth, the switch
in series with the "NO DATA ON BUS'" indicator. Thus, data from
only one source can be on the acquisition bus at any one time; and
when there is no data on the bus, the ""NO DATA ON BUS" indicator
is lit. "SOURCE" indicators associated with the data selector
switches show the source of whatever data has been switched onto the

acquisition bus.

(). There are two 28 VDC powe\r supplies on the acquisition data
console, either one of which is capable of supplying all of the power
needed to operate the console indicators and controls. Two power
supplies are used to increase the reliability of the equipment, and
provision is made to disconnect a power supply automatically when
its voltage output drops below a certain level. The circuitry which
performs this action is shown in simplified form on figure 1-17.
Across the output of each of the power supplies there is a control re-
lay whose contacts apply 28 VDC to either a red or green lamp in the
"power supply on-failure indicator.' When both power supplies are
on and functioning properly, both of the control relays are energized
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and the green lamps are lit in both indicators. Then, if the voltage
output of one power supply drops below a certain value, the control
relay associated with that power supply is de-energized and the red
lamp in the indicator for that power supply is lit. De-energizing the
control relay also causes primary power to be removed from the mal-
functioning power supply. (The red indicator lamp is supplied with
power from the other, normally operating power supply.) Note that
when one power supply has been turned on and the other has not, a
failed indication (red light) is given for the power supply not turned on;
the control circuit gives the same indication for a condition of one
power supply turned on and one off as it does for both turned on and
one malfunctioning.

TOWN HILL ACQUISITION DATA CONSOLE
Although it has fewer of them, the Town Hill acquisition data console

is like Coopers Island console in that it contains indicator lights, synchro displays,

and control switches. The inputs other than primary power are d-c operating mode

information, synchro display data, and synchro position data. The functions of these

indicators, displays, and controls are explained below; a simplified schematic is

shown in figure 1-18.
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(@). The d-c indications from the receiving antenna are '"SLAVED"
and "MANUAL" mode indications and a "CABLE WRAP" indication.
The synchro data from the receiving antenna is azimuth and elevation
display data. The indications perform the same function as the indi-
cations from the transmitting antennas at Coopers Island. The syn-
chro data from the receiving antenna is azimuth and elevation display
data which is displayed by two receivers on the console.

(b). The only information coming into the Town Hill console from
Coopers Island is synchro position data. This data is available for
switching onto the Town Hill acquisition bus and also, after passing
through a synchro line amplifier for isolation, is displayed by two
synchro receivers on the console.

(c). The inputs to the console from the active acquisition aid are the

same as the inputs to the Coopers Island console from the active
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acquisition aid there.

(d). A d-c power-on indication (not shown on figure 1-18) comes into
the console from the synchro remoting transmitter-receiver at Town
Hill.

(). The manual input, the "NO DATA ON BUS" indicator, the source
switches and indications, and the 28 VDC power supply on the Town

Hill console are the same as the corresponding circuits on the Coopers
Island console, previously described. (Compare figures1-17 and1-18.)

(4). SYNCHRO LINE AMPLIFIERS
The purpose of the synchro line amplifiers is twofold: (1) to isolate

synchro receivers from other receivers and from a synchro transmitter; and (2) to
provide a high load impedance for synchro transmitters and a low source impedance
for synchro receivers, thus making the synchro data less subject to degradation due
to loading effects of the transmission lines and synchro receivers. Each synchro line
amplifier has two, identical amplifier channels, one for azimuth data and one for
elevation data. Each of the amplifier channels consists of two amplifier elements and
a power supply. Each of the amplifier elements is, in itself, a four stage, feedback
amplifier. The amount of feedback is adjusted so that each amplifier element has a
voltage gain of one; thus each amplifier channel in the synchro line amplifier has a
voltage gain of one, and the voltage applied to the synchro receivers connected to the
amplifier is the same as that put out by the synchro transmitter connected to the
amplifier. In this manner, isolation and a low impedance source for the synchro data
are obtained without changing the voltage level of the data. For a detailed description
of the synchro line amplifier, refer to the applicable equipment manual, listed in
table 1-1II.

(5). ACTIVE ACQUISITION AID

(@). The active acquisition aid is an automatic angle-tracking device
which provides acquisition data to the acquisition system for use by the
other antennas on the site. It tracks the capsule in azimuth and eleva-
tion (but not in range) by means of the telemetry signals transmitted
from the capsule, and puts out azimuth and elevation position and dis-
play synchro data. (The active acquisition aid antenna at Town Hill is
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also used for telemetry and HF and UHF voice communications recep-

tion; refer to the applicable system manuals.)

(b). In addition to supplying data to the acquisition system, the active
acquisition aid can be slaved (positioned in accordance with externally
supplied azimuth and elevation data) to data from the site radars or

from the manual inputs on the acquisition data console.

(c). The salient characteristics of the active acquisition aid are as
follows:
Operating modes: automatic, slaved, manual
Operating frequency: either one of any two, preset frequencies
in the range 225 - 260 mc
Tracking accuracy (at 10° per second tracking rate):
Azimuth; 0.5°
Elevation: 0.5° at angles greater than 15°
1.0° at angles between 10°and 15
Antenna:
Type or array: quad helix
Polarization: circular, right-hand sense
Elevation limits: minus 10° to plus 110°
Azimuth limit: 540°
Beamwidth: 20° at 3-db points

(d). For a complete functional description of the active acquisition aid,

refer to the applicable equipment manual, listed in table 1-II.

SYNCHRO REMOTING SYSTEM

The synchro remoting system is needed to transmit synchro data over

relatively long distances without degradation of the data. It consists of a transmitter-

receiver near the Coopers Island acquisition data console and a second transmitter-

receiver near

the Town Hill acquisition data console. Thus, the complete system

consists of two transmitters and two receivers. Both of the transmitters and receiv-
ers handle two channels of data, azimuth and elevation. A simplified block diagram

of the synchro remoting system is shown in figure 1-19. Synchro signals supplied to
the transmitter portions of the transmitter-receiver units (slaving data from the ac-

quisition data consoles) are converted into frequency-multiplexed audio tones in a
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Figure 1-19. Synchro Remoting System, Simplified Block Diagram
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digital code. These audio tones are transmitted to the receivers, where they are de-
coded and synchro signals synthesized. The synchro signals synthesized by the
receivers are, within the accuracy limitations of the system, the same as the synchro
signals fed into the transmitter. In the remoting system, data is represented by fre-
quency, not by voltage, and the accuracy of the system is therefore relatively inde-
pendent of transmission line characteristics. For a complete description of the

synchro remoting system, refer to the applicable equipment manual, listedintable 1-I1

(7). ADDITIONAL EQUIPMENT
(a). SYNCHRO REFERENCE VOLTAGE TRANSFORMERS

The synchro reference voltage step-up transformer and synchro refer-
ence voltage step-down transformers are provided to reduce the amount
of current transmitted over considerable distances. (See Section II for
the location of the transformers.)

(b). MASTER-SLAVE RELAY PANEL

The master-slave relay panel mounted in the Verlort van contains the

Verlort radar control relay. This control relay, energized from the

the acquisition data console, enables position data from the radar to be

put onto the acquisition bus without separate cabling for the position

data between the radar and the acquisition data console.

(c). ANTENNA DRIVE POWER CUTOFF SWITCH AND WARNING
LIGHT

An antenna drive power cutoff switch and warning light is mounted on

each of the active acquisition aid antenna towers. When open, it dis-
connects antenna drive motor power. The warning light is lit when-
ever the switch is closed. (See Section II for the location of the cutoff

switch and warning light.)

1-4. SITE IMPLEMENTATION

A. GENERAL

(1). This paragraph deals with the allocation, location and housing of equip-
ment for the acquisition system at the Bermuda site.

(2). The nomenclature used in this manual for the antennas (other than

radar) which are part of or are connected to the acquisition system differs slightly
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from the nomenclature used in the capsule communications and command control
transmitting system manuals. For cross reference purposes the two sets of nomen-
clature are listed below:

CAPSULE COMMUNICATIONS AND
AcﬁgIMSé'Il;IggAi’Y%g M COMMAND CONTROL TRANSMITTING
SYSTEM NOMENCLATURE

Town Hill Active Acquisition Aid Antenna  Receiving Antenna No. 1

Receiving Antenna Receiving Antenna No. 2
Coopers Island Active Acquisition Aid Receiving Antenna No. 3
Antenna
Transmitting Antenna No. 1 Voice and Command Transmitting
Antenna No. 1
Transmitting Antenna No. 2 Voice and Command Transmitting
Antenna No. 2

B. EQUIPMENT ALLOCATION
The equipment which makes up the acquisition system at the Bermuda site
is listed in table 1-H.

C. SITE DESCRIPTION

(1). SITE LAYOUT
The Bermuda site is made up of two principal areas: Coopers Island

and Town Hill. Both of these areas are shown on figure 1-20.

(a). COOPERS ISLAND

Acquisition system equipment at Coopers Island is in the FPS-16
building, on an antenna tower just north of the FPS-16 building, and
on a boresight tower southeast of the FPS-16 building. (See figure
1-21.) Equipment to which the acquisition system is connected

(radars and transmitting antennas) is in the locations called out in
figure 1-21 and in the telemetry and control building.

(b). TOWN HILL

Acquisition system equipment at Town Hill is in the telemetry and
receiver building, on an antenna tower just south of the building and
on a boresight tower generally southeast of the building. Equipment
connected to the acquisition system also is in the building and on an

antenna tower just northwest of the building.

1-45



MS-112

Section I

NORTH
ATLANTIC
OCEAN

KINDLEY
AR FIELD (

, Z CASTLE
ﬁ Ty B HARBOR
/.’J’ = \\Q\,
i 5 7
f;' /%ﬁ ~ HARRINGTON 2{ e AT
, ), @\ﬁg SOUND e
.'. o ;‘/
/1 ﬁ '/M:“
f\ y gﬂ / /
Vs,
/ 7
/ ‘ %/(
//
e 7
i e TOWN HILL
‘ /» INSTALLATION
7
) 7
/,'7 N
// \\ )
\\

COOPER'S ISLAND
INSTALLATION
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Figure 1-22, Acquisition System Equipment Layout, FPS-16 Building,
Coopers Island

(2). EQUIPMENT LOCATION - COOPERS ISLAND

(a). ACQUISITION DATA CONSOLE
The acquisition data console at Coopers Island is in the FPS-16

building in the location shown on figure 1-22.

(b). ACTIVE ACQUISITION AID

The active acquisition aid control console and receiver and servo
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Figure 1-23, Acquisition System Equipment Layout, Telemetry and Control
Building, Coopers Island

cabinets are next to the acquisition data console as shown in figure
1-22.
and on the boresight tower (figures 1-21, 2-6, and 2-7).

(). SYNCHRO REMOTING SYSTEM

One transmitter-receiver unit of the synchro remoting system is at
It is in the FPS-16 building next to the active acqui-
sition aid servo cabinet, as shown on figure 1-22.

Other active acquisition aid equipment is on the antenna tower

Coopers Island.

1-50




1-4. C, (2). (d).

MS-112 Section 1

(d). TRANSMITTING ANTENNAS

The transmitting antennas, which are not part of the acquisition sys-
tem but are connected to it, are on antenna towers near the telemetry
and control building (figure 1-23). As shown in figure 1-23, the
transmitter antenna servo racks are in the transmitter room of the

building.

(¢). VERLORT RADAR

The Verlort radar, which is connected to the acquisition system,is
contained in a van which is located on Coopers Island as shown on
figure 1-21. Items of acquisition system equipment in the van are
synchro line amplifier number 3, the master-slave relay panel, and
a synchro reference voltage step-down transformer (figure 1-24).

P/C COORDINATE
CONVERTER DIGITAL TO TELETYPE

CONVERTER
MASTER- AMPLIDYNE
SLAVE AUXILIARY MASTER HV RECTIFIER AND
RELAY PANEL DEHYDRATOR CONSOLE CONSOLE AUXILIARY CABINET AR
CONDITIONER
¥ g [ ) 1 \
] ]
/ / , /
J )
\
\ 1 1
\ 7 ] — _\71 \
SYNCHRO LINE
AMPLIFIER
( AOUNTED IN SANBORN RECORDER )
MODULATOR, T-R ASSY, 28 RO PAGE
SANBORN  RECORDER AND TWT ASSY PRINTER

SYNCHRO REFERENCE
VOLTAGE STEP-DOWN
TRANSFORMER

Figure 1-24. Acquisition System Equipment Layout, Verlort Van
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(f). FPS-16 RADAR

The FPS-16 radar, also connected to the acquisition system, is
housed in its own building on Coopers Island, figure 1-21.

EQUIPMENT LOCATION - TOWN HILL

(a). ACQUISITION DATA CONSOLE
The Town Hill acquisition data console is in the telemetry and receiv-

er building in the location shown an figure 1-25.
(). ACTIVE ACQUISITION AID

The active acquisition aid control console and receiver and servo cab-

inets are next to the acquisition data console (figure 1-25). Other
active acquisition aid equipment is on the antenna tower (figure 1-25)
and on the boresight tower.

(c). SYNCHRO REMOTING SYSTEM

A synchro remoting transmitter-receiver unit is in the telemetry and

receiver building, diagonally facing the acquisition data console and
active acquisition aid equipment. (See figure 1-25.)

(d). RECEIVING ANTENNA

The receiving antenna, which is not part of but is connected to the

acquisition system, is on a tower northwest of the telemetry and
receiver building. The receiving antenna servo rack is inside the

building, next to the active acquisition aid servo cabinet (figure 1-25).
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SECTION 1
INSTALLATION

2-1. GENERAL

This section comprises instructions and other information for installing the
equipment which makes up the acquisition system. Equipment installation on building
floors, on antenna towers, andinother equipment are covered in separate paragraphs.

2-2. EQUIPMENT INSTALLATION

A. FLOOR MOUNTED EQUIPMENT

(1). CONSOLES AND CABINETS

The consoles and equipment cabinets in the acquisition system com-
prise three units at Coopers Island and three more units at Town Hill. Both at
Coopers Island and at Town Hill one of the units is the acquisition data console and
the active acquisition aid control console. These two consoles are bolted together
and are installed as a single unit. The second unit in both areas is made up of the
active acquisition aid receiver and servo cabinets. The two cabinets are bolted
together and like the consoles are installed as a single unit. The third unit in both
areas is the synchro remoting transmitter-receiver. Figures 1-22 and 1-25 show
the approximate locations of the acquisition system equipment in the site buildings.
Figures 2-1, 2-2, and2-3 give the outline dimensions of the console and cabinet units.
Note that figure 2-2 is a composite illustration and is not drawn to scale for both of
the units. The console and cabinet units are secured to the floor by anchor bolts.
Mounting hole locations and details of the anchor bolt installations are shown on fig-
ure 2-4. A complete listing of the hardware required for mounting the units is given
in table 2-1.

(2). AMPLIDYNES

Each of the active acquisition aid amplidynes is bolted to a steel
channel, which in turn is secured to a concrete pad with anchor bolts. See figures
2-4 (B), 2-4 (E), and 2-5 for details of the installation, and refer to table 2-I for the
hardware required.
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B. EQUIPMENT ON TOWERS

(1). ANTENNA AND PEDESTAL

The active acquisition aid antennas and pedestals are installed on

towers constructed for that purpose. The locations of the towers are shown in figure
1-21 and 1-25. For instructions on the installation of the active acquisition aid an-

tennas and pedestals, refer to the applicable equipment manual, listed in table 1-II.

(2). RF HOUSING
The RF housing of each of the active acquisition aids is installed on

the underside of the antenna tower platform in the location shown on figure 2-6. The
unit is supported by a special bracket which is fastened to the tower platform. Refer
to table 2-I for the installation hardware required.

UHF VOICE PREAMPLIFIER DIPLEXERS

TRIPLEXER

Figure 2-6. Active Acquisition Aid RF Equipment Installation
(3). MULTIPLEXERS

The active acquisition aid multiplexers (triplexer and two diplexers

each) are, like the RF housing, mounted underneath the antenna tower platform. The
triplexer is fastened to a separate bracket, and the two diplexers are fastened to a

2-10
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common mounting plate. See figure 2-6 for the location of these components, and
refer to table 2-I for the hardware required for installation.

(4). UHF VOICE PREAMPLIFIER
The UHF voice preamplifier, which is part of the capsule communica-

tions system, is installed along with the active acquisition aid equipment on the under-
side of the active acquisition aid tower at Town Hill only. (See figure 2-6.) It is
supported by a special mounting bracket. Refer to table 2-I for the installation hard-
ware required.

(5). ANTENNA DRIVE POWER CUTOFF SWITCH AND WARNING LIGHT

An antenna drive power cutoff switch and warning light is mounted

near the top of one of the ladders leading to the top of each of the active acquisition
aid antenna platforms. The required hardware is listed in table 2-I. See figure 2-6.

(6). BORESIGHT TRANSMITTER AND ANT ENNA
Each of the active acquisition aid boresight transmitters and antennas

is mounted on a boresight antenna tower; the transmitter on a bracket near the base
of the tower, and the antenna on the top of the tower. The bracket which supports
each transmitter and the hardware required for installation are listed in table 2-I.
Details of the installation are shown on figure 2-7. Each boresight antenna is mount-
ed on top of its boresight tower by means of a special support, mounting plate, and
two clamps. These items and the required hardware are listed in table 2-I. See fig-
ure 2-7 for details on the antenna installation.

C. SMALL COMPONENTS

(1). SYNCHRO REFERENCE VOLTAGE TRANSFORMERS

(a). The synchro reference voltage step-down transformers for the
active acquisition aid and the FPS-16 radar are installed in the FPS-
16 building in the active acquisition aid servo cabinet and the acqui-

sition data console, respectively.

(b). The transformers for the transmitting antennas are installed
in the antenna servo racks as shown in figure 2-8.

(c). The Verlort radar transformer is installed on the floor of the
van in the corner behind the auxiliary console (figure 1-24).
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-

OPTICAL TARGET

BORESIGHT
ANTENNA

20-0B ATTENUATOR
PAD

RG-8/U
COAXIAL CABLE

RG-8/U
COAXIAL CABLE

BORESIGHT HOUSING

Figure 2-7. Active Acquisition Aid Boresight Transmitter and Antenna Installation
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(2). VERLORT RADAR CONTROL RELAY
The Verlort radar control relay (on the master-slave relay panel) is

installed in the rear of the van as shown on figure 1-24.

(3). SYNCHRO LINE AMPLIFIER

There is one synchro line amplifier furnished to the site as separate

equipment. It is installed in the Verlort van in the sanborn recorder. See figure 1-24.

2-3. INTERCONNECTING CABLING

A. ELECTRICAL INTERCONNECTIONS
An interconnecting cabling diagraril for the acquisition system is included

in Section VII (figure 7-29). This diagram shows all of the interconnections within
the acquisition system and the interconnections between the acquisition system and
equipment of other systems to which the acquisition system is connected. Detailed
interconnecting wiring information is not included in this manual. It is provided in a
separate book (three volumes), the ""Installation Wiring Information" chart. The part
number for this chart is 1L.683173-6.

B. CABLE INSTALLATION
The physical installation of equipment interconnecting cabling is not covered

in this manual. Information on physical installation of interconnecting cabling is in-
cluded in the installation wiring information chart (refer to the previous paragraph)
and is provided directly to each site on separate drawings.

2+4. PRE-OPERATIONAL CHECKS

A. COMPONENT (UNIT) CHECKS
Pre -operational checks of the components of the acquisition system other

than the acquisition data console are given in the individual equipment manuals, listed
in table 1-II. Pre-operational checks for the acquisition data console are described
in Section III of this manual.

B. SYSTEM CHECKS
No pre-operational checks are required for the overall acquisition system.

Operational system checks are described in Section III. It should be kept in mind
that any synchro circuit malfunctions which occur the first time the system checks
are run are likely to be caused by incorrect interconnecting wiring of the synchro
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circuits. Refer to Section V and particularly to figure 5-1 for infermation on trouble
shooting synchro circuit malfunctions.

(] R

2] e
N 00O
] -2
=] [~
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-] [~
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R |b :IL ol SYNCHRO REFERENCE
pE=======4 STEP-DOWN
B gl L TRANSFORMER
} /H/
L i
. 2!
=] o1: == :—_—_—_—_3'0" -2
=~ [~
] e

Figure 2-8. Location of Synchro Reference Voltage Step-down Transformer in
Transmitting Antenna Servo Rack
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SECTION i
SYSTEM OPERATION

3-1. GENERAL

A. This section contains a tabulation (table 3-I) and illustrations of the controls
on the acquisition data consoles, initial and normal turn-on procedures for system
equipment, system operational checks, and normal and emergency system operating
procedures. Complete, detailed procedures are included only for the acquisition data
consoles, since detailed procedures for other system equipment are in the various
equipment manuals (listed in table 1-II). Except where noted otherwise, the informa-

tion in this section is applicable both at Town Hill and Coopers Island.

B. For proper operation of the acquisition system, it is necessary that all
operators involved, and particularly the acquisition data console operators, have a
thorough knowledge and understanding of the makeup, capabilities, and limitations of
the overall system and the equipment connected to it. Refer to Sections I and IV of
this manual.

3-2. INITIAL TURN-ON PROCEDURE

The procedure described in this paragraph is to be followed the first time the

equipment is turned on after installation or major repair. For initial turn-on pro-
cedures for equipment other than the acquisition data consoles, see the applicable
equipment manuals, listed in table 1-II. Proceed as follows for the acquisition data

consoles:

A. EXTERNAL POWER CONNECTIONS

Check the external primary power to the acquisition data console as follows:

(1. TOWN HILL

(a). With the acquisition data console circuit breaker on the site
power panel off, remove all wires except the external power leads
from console terminal board TB6001, pins 1 and 2.

(b). Turn the circuit breaker on and check to see that 115 VAC is
applied to console terminals TB6001-1 and TB6001-2. TB6001-1
should be connected to the "hot'" wire, and TB6001-2 to the neutral

wire. Measure from the terminals to console ground to ascertain

3-1
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TABLE 3-I. OPERATING CONTROLS, INDICATORS, ANDDISPLAYS
. Figure -

Location Reference Name Function

Coopers 3-1 128V SUPPLY" NO. 2 SWITCH Turns on power supply No.
Island AND ON-FAILURE INDICATOR 2 and indicates whether it
Acquisi- is operating properly.
gz;:la 128V SUPPLY" NO. 1 SWITCH Turns on power supply No.
Panel AND ON-FAILURE INDICATOR 1 and indicates whether it
No. 1 is operating properly.

""NO DATA ON BUS" INDICATOR

VERLORT RADAR "SOURCE"
SWITCH

VERLORT RADAR MODE
INDICATORS

ACTIVE ACQUISITION AID
"SOURCE" SWITCH

ACTIVE ACQUISITION AID
MODE INDICATORS

ACTIVE ACQUISITION AID
"CABLE WRAP" INDICATORS

ACTIVE ACQUISITION AID
"AZIMUTH" DISPLAY

ACTIVE ACQUISITION AID
"ELEVATION" DISPLAY

VERLORT RADAR "AZIMUTH"
DISPLAY

VERLORT RADAR "ELEVATION"

DISPLAY

Indicates that none of the
"SOURCE" switches have
been depressed.

Connects data from the
Verlort to the acquisition
bus.

Indicate whether the Ver-
lort radar is in automatic
tracking, slaved or man-
ual mode of operation.

Connects data from the
active acquisition aid to
the acquisition bus.

Indicate whether the active
acquisition aid is in auto-
matic tracking, slaved,
or manual mode of oper -
ation.

Indicate whether the active
acquisition aid antenna is
clockwise or counterclock-
wise from the mid-point
of its 540° azimuth travel.

Shows the azimuth angle of
the active acquisition aid
antenna.

Shows the elevation angle
of the active acquisition
aid antenna.

Shows the azimuth angle of
the Verlort antenna.

Shows the elevation angle
of the Verlort antenna.
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Section III

TABLE 3-I. OPERATING CONTROLS, INDICATORS, AND DISPLAYS (Cont.)

Location Figure Name Function
————| Reference _— —_—
Coopers 3-1 FPS-16 RADAR "AZIMUTH" Shows the azimuth angle
Island (Cont.) DISPLAY of the FPS-16 radar.
“‘tfgl‘l“s" FPS-16 RADAR "ELEVATION" | Shows the elevation angle
Data DISPLAY of the FPS-16 antenna.
Panel FPS~16 RADAR MODE INDI- Indicate whether the FPS-
No. 1 CATORS 16 radar is in automatic
(Cont.) tracking, slaved, or
manual mode of operation
FPS-16 RADAR "SOURCE" Connects data from the
SWITCH FPS-16 to the acquisition
bus.
MANUAL INPUT "AZIMUTH" Shows angle to which the
DISPLAY azimuth manual input
transmitter has been
turned.
AZIMUTH "MANUAL INPUT" Turns the azimuth manual
SYNCHRO HANDWHEEL input transmitter.
MANUAL INPUT "SOURCE" Connects data from the
SWITCH manual input transmitters
to the acquisition bus.
ELEVATION "MANUAL INPUT" | Turns the elevation man-~
SYNCHRO HANDWHEEL ual input transmitter.
MANUAL INPUT "ELEVATION" | Shows angle to which the
DISPLAY azimuth manual input
transmitter has been
turned.

Coopers 3-2 "DATA LINK POWER" Indicates that primary
Island INDICATOR power has been applied
Acquisi- to the synchro remoting
tion system unit at Coopers

Data Island.
Nonel TOWN HILL ACQ DATA Connects data from Town

"SOURCE" SWITCH

TOWN HILL ACQ DATA MODE
INDICATORS

Hill to the Coopers Island
Acquisition bus.

Indicate whether the active
acquisition aid at Town
Hill is in automatic track-
ing, slaved, or manual
mode of operation.
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TABLE 3-I. OPERATING CONTROLS, INDICATORS, AND DISPLAYS (Cont.)
. Figure .
Location Reference Name Function
Coopers 3-2 TOWN HILL ACQ DATA Shows the elevation angle
Island (Cont.) "ELEVATION'" DISPLAY of the data on the acqui~
Acquisi- sition bus at Town Hill.
g‘;‘a TOWN HILL ACQ DATA Shows the azimuth angle
"AZIMUTH" DISPLAY of the data on the acqui-
Panel cps h
No. 2 sition bus at Town Hill.
(Cont.) XMTR ANT NO. 1 "CABLE Indicate whether trans -

WRAP'" INDICATORS

XMTR ANT NO. 1 "AZIMUTH"
DISPLAY

XMTR ANT NO. 1 "ELEVATION"
DISPLAY

XMTR ANT NO. 2 "CABLE
WRAP'" INDICATORS

XMTR ANT NO. 2 "AZIMUTH"
DISPLAY

XMTR ANT NO. 2 "ELEVATION"
DISPLAY

XMTR ANT NO. 2 MODE
INDICATORS

XMTR ANT NO.
INDICATORS

1 MODE

mitting antenna number 1
is clockwise or counter-
clockwise from the mid-
point of its 540° azimuth
travel.

Shows the azimuth angle
of transmitting antenna
number 1.

Shows the elevation angle
of transmitting antenna
number 1.

Indicate whether trans -
mitting antenna number
2 is clockwise or counter-
clockwise from the mid-
point of its 540° azimuth
travel.

Shows the azimuth angle
of transmitting antenna
number 2.

Shows the elevation angle
of transmitting antenna
number 2.

Indicate whether trans-
mitting antenna number
2 is in the slaved or
manual mode of operation

Indicate whether trans-
mitting antenna number 1
is in the slaved or manual
mode of operation.

34
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Section III

TABLE 3-I. OPERATING CONTROLS, INDICATORS, AND DISPLAYS (Cont.)

Location Figure Name Function

~—————IReference —_— —_—

Town Hill 3-3 "28V SUPPLY'" NO. 2 SWITCH Turns on power supply no.
Acquisi- AND ON-FAILURE INDICATOR 2 and indicates whether it
tionData is operating properly.
Panel

''28V SUPPLY'" NO. 1 SWITCH
AND ON-FAILURE INDICATOR

'""NO DATA ON BUS" INDICATOR

"DATA LINK POWER" INDICA -
TOR

ACTIVE ACQUISITION AID
"SOURCE'" SWITCH

ACTIVE ACQUISITION AID
MODE INDICATORS

ACTIVE ACQUISITION AID
"ELEVATION" DISPLAY

ACTIVE ACQUISITION AID
"CABLE WRAP'" INDICATORS

ACTIVE ACQUISITION AID
"AZIMUTH" DISPLAY

RCVR ANT "CABLE WRAP"
INDICATORS

RCVR ANT "AZIMUTH"
DISPLAY

Turns on power supply no.
1 and indicates whether it
is operating properly.

Indicates that none of the
"SOURCE" switch have
been depressed.

Indicates that primary
power has been applied
to the synchro remoting
system unit at Town Hill.

Connects data from the
active acquisition aid to
the acquisition bus.

Indicate whether the active
acquisition aid is in auto-
matic tracking, slaved
or manual mode of oper-
ation.

Shows the elevation angle
of the active acquisition
aid antenna.

Indicate whether the active
acquisition aid antenna is
clockwise or counterclock-~
wise from the mid-point
of its 540° azimuth travel

Shows the azimuth angle of
the active acquisition aid
antenna.

Indicate whether the re-
ceiving antenna is clock-
wise or counterclockwise
from the mid-point of its
540° azimuth travel.

Shows the azimuth angle
of the receiving antenna.
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Section III

TABLE 3-I. OPERATING CONTROLS, INDICATORS, AND DISPLAYS (Cont.)

Location

Figure

Reference

Name

Function

Town Hill
Acquisi-
tionData
Panel
(Cont.)

Dual Power
Supply

3-3
(Cont.)

34

RCVR ANT "ELEVATION"
DISPLAY

COOPERS ISLAND ACQ
DATA "AZIMUTH" DIS-
PLAY

COOPERS ISLAND ACQ DATA
"ELEVATION" DISPLAY

RCVR ANT MODE INDICATORS

COOPERS ISLAND ACQ DATA
"SOURCE" SWITCH

MANUAL INPUT "AZIMUTH"
DISPLAY

AZIMUTH "MANUAL INPUT"
SYNCHRO HANDWHEEL

MANUAL INPUT "SOURCE"
SWITCH

ELEVATION "MANUAL INPUT"

SYNCHRO HANDWHEEL

MANUAL INPUT "ELEVATION"
DISPLAY

OFF -ON SWITCH

FUSES

Shows the elevation angle
of the receiving antenna.

Shows the azimuth angle
of the data on the acqui-
sition bus at Coopers
Island.

Shows the elevation angle
of the data on the acqui-
sition bus at Coopers
Island.

Indicate whether the re-
ceiving antenna is in
slaved or manual mode
of operation.

Connects data from
Coopers Island to the
Town Hill acquisition
Bus.

Shows angle to which the
azimuth manual input
transmitter has been
turned.

Turns the azimuth manual
input transmitter.

Connects data from the
manual input transmitters|
to the acquisition bus.

Turns the elevation manuall
input transmitter.

Shows angle to which the
azimuth manual input
transmitter has been
turned.

Controls application of
primary power to the
dual power supply.

Contain primary power
line fuses and indicators
to show when a fuse is
blown.
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TABLE 3-I. OPERATING CONTROLS, INDICATORS, AND DISPLAYS (Cont.)

. Figure .
.I.Latl()l Reference .Nﬂ F_unsll.ol
Dual 34 POWER-ON INDICATOR Indicates the application
Power (Cont.) of primary power to the
Supply dual power supply.
(Cont.)
Synchro 3-5 CHANNEL "OFF -ON" SWITCHES | Each applies power to one
Line amplifier channel.
g‘;ph" CHANNEL LINE "COMPENSA- | Each pair adjusts the gain
TION'" CONTROLS and balance of one ampli-
fier channel.
CHANNEL "2 AMP" FUSES Primary power line fuses-
one for each channel
CHANNEL "POWER" ON INDI - Indicates that channel pri-
CATORS mary power has been
turned on.
Intercom 3-6 Refer to Intrasite PBX and Intercom
Panel System Manual, MS~109
Active 3-7 RCVR ANT. FREQ. A TLM Indicates strength of sig-
Acquisi- RCVR "SIGNAL STRENGTH" nal at frequency A tele-
tion Aid METER metry receiver connected
Control to receiving antenna.
(Sj.o nso]1e AAA ANT. FREQ. ATLM Indicates strength of sig-
Strength RCVR "SIGNAL STRENGTH" nal at frequency A tele-
Meter METER metry receiver connected
to active acquisition aid
Panel antenna
(at Town :
Hill only) RCVR ANT. FREQ. B TLM Indicates strength of sig-

RCVR "SIGNAL STRENGTH"
METER

AAA ANT. FREQ. B TLM
RCVR "SIGNAL STRENGTH"
METER

CALIBRATION CONTROLS

PILOT LAMPS

nal at frequency B tele-
metry receiver connected
to receiving antenna.

Indicates strength of sig~
nal at frequency B tele-
metry receiver connected
to active acquisition aid
antenna.

Permit calibration of the
meters to read actual
signal strength.

Correlate-audio signal
source with signal
strength indication.
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TABLE 3-I. OPERATING CONTROLS, INDICATORS, AND DISPLAYS (Cont.)

Figure

Location Roference Name Function
Active 3-8 "SIGNAL STRENGTH' METER | Indicates strength of sig-
Acquisi- nal at active acquisition
tion Aid aid receiver.
Meter ' s

. PILOT LAMP Correlates audio signal
and Switch ith si
Panel source with signal

strength indication,

"SELECTOR" SWITCH At Town Hill selects one

of five sources of audio
signal for monitoring

and applies 28 VDC to
pilot lamp adjacent to
signal strength meter
which is connected to

the audio source selected.

"VOLUME" CONTROL Adjusts volume of audio
signal being monitored.

Note: For a description of the two error meters on the meter and switch panel and
for all other controls, indicators and displays on the active acquisition aid,
see the active acquisition aid equipment manual.

(2).

which terminal is 'hot". (There should be 115 VAC between TB6001-1
and console ground, and no or very little voltage between TB6001-2
and console ground.)

(c). Turn the circuit breaker off and reconnect all console wiring to
terminals TB6001-1 and TB6001-2.

COOPERS ISLAND

(a). With the acquisition data console circuit breaker on the site
power panel turned on, check to see that 115 VAC is applied to con-
sole terminal board TB6001, pins 1 and 2.

(b). Check to see that approximately 480 volts is applied to the con-
sole on TB6001-7 and -8.
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ACTIVE ACTIVE ACTIVE
ACQUISITION AiD ACQUISITION AlD ACQUISITION AID  VERLORT RADAR VERLORT RADAR FPS-16 RADAR
"CABLE WRAP" “AZIMUTH" "ELEVATION" “ALIMUTH" “ELEVATION" “AZIMUTH"
INDICATORS DISPLAY DISPLAY DISPLAY DISPLAY DISPLAY
(DS6060} (VS6059) (86001 (86002) (86003) (86004) (86005)

FPS-16 RADAR
“ELEVATION"
DISPLAY
"SLAVED" / (86006)
ACTIVE (DS6003, 0S6004)
ACQUISITION AID “MANUAL"
MODE \
INDICATORS (0360.?5 05..6006) “VALID TRACK"
nsso&UB%eooz) (D$6019, DS6020) o5
( ’ "SLAVED" s MSOSQDAR
(056023,056024) { |N0ICATORS
. . -
ACTIVE ACQUISITION AID “SOURCE ANUAL"
SWITCH ($6001,0S6037,056038) ~

|- (056025, 056026)

. . | FPS-16 RADAR"SOURCE" SWITCH
(,,;'25},% T;‘;:(;‘lo, — (56003,086027,056028)
VERLWDEADAR s |
INDICATORs | (0S6013.056014)
"MANUAL"
(DS6015,056016) MANUAL INPUT
"AZIMUTH"
DISPLAY
VERLORT RADAR"SOURCE"SWITCH —] (B60I3)
(56002, 056017, DS6018)
AZIMUTH

“NO DATA ON BUS" INDICATOR - —— "MANUAL INPUT"

(DS6049,0S6050) SYNCHRO HANDWHEEL
(B60I6)
"28V SUPPLY" NO.| SWITCH

AND ON-FAILURE INDICATOR / / \
(56006,D56051,056052, 28y SUPPLY" NO.2 SWITCH  MANUAL INPUT ELEVATION MANUAL INPUT
D$6053,056054) AND ON-FAILURE INDICATOR ~ "ELEVATION" "MANUAL INPUT"  "SOURCE" SWITCH
(56007,0$6055, 056056, DISPLAY SYNCHRO HANDWHEEL (56005, DS6047,

056057 ,056058) (86014) (B60I5) 056048)

Figure 3-1. Coopers Island Acquisition Data Panel No, 1

(c). Check the secondary voltage of transformer T6001. It should
be between 115 and 120 VAC. If this voltage is less than 115 VAC,

move the lead connected to terminal 4 of the transformer to terminal
5.

B. 28 VDC POWER SUPPLY

(1). Turn on the acquisition data console circuit breaker on the site power
panel.
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TOWN HILL
ACQ DATA XMTR ANT NO.I  XMTR ANT NO.I  XMTR ANT NO.| XMTR ANT NO.2
"AIMUTH" “CABLE WRAP" "AZIMUTH" "ELEVATION" “CABLE WRAP"
DISPLAY INDICATORS DISPLAY DISPLAY INDICATORS
(86007) (DS6062) (DS6061) (86009) (86010) (DS6063) (DS6064)
AN X
AN
TOWN HILL
AGQ DATA XMTR ANT NO.2
"ELEVATION" | AZIMUTH"
DISPLAY N\ DISPLAY
(86008) (B60II)
"SLAVED"
TOWN HILL | (056033 ,056034) XMTR ANT NO.2
ACQ DATA . .Y L “ELEVATION
MODE MANUAL DISPLAY
INDICATORs | (096035,056036) (B6012)
“VALID TRACK
(056029, D$6030) ~—
/H _ "SLAVED"
TOWN HILL ACQ DATA | (DS6043,056044) | XMTR ANT N0.2
“SOURGE " SWITCH MODE
($6004,056037,086038) " AANUAL" INDICATORS
(0S6045,056046)
“DATA LINK POWER" ™
INDICATOR
(DS6065,056066) |
"SLAVED" “ MANUAL"
(DS6039,096040)  (DS6041,056042)
XMTR ANT NO. |
MODE INDICATORS
Figure 3-2. Coopers Island Acquisition Data Panel No. 2
(2). Turn on the OFF-ON switch on the dual power supply panel (figure
3-4).

(3). Depress the '"28V SUPPLY" number 1 switch on the acquisition data
panel (figure 3-1 or 3-3). This action turns on power supply number 1. The on-fail-
ure indicator for power supply number 1 should be green and the indicator for power
supply number 2 should be red.
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ACTIVE ACTIVE GOOPERS ISLAND
ACQUISITION AlD  AGQUISITION AID RCVR ANT RCVR ANT RCVR ANT AGQ DATA
"CABLE WRAP" "AZIMUTH" "CABLE WRAP" "AZIMUTH"  "ELEVATION" “AZIMUTH"
INDICATORS DISPLAY INDICATORS DISPLAY DISPLAY DISPLAY
(DS6002) (DS6001) (86001) (056004) (0S6003)  (B6003) (86004) (86005)

[
@)

@ COOPERS [SLAND

ACTIVE ACQ DATA
ACQUISITION AID “ELEVATION"
"ELEVATION" ?éggtg
DISPLAY
(36002) N
"SLAVED"
AcTvE | (956007 DS6008) ___
ACQUISITION AID “MANUAL" R N
SLAVED
MODE (DS6009., DS6010) ~_| (seonNED oy | RevR T
INDICATORS L — , MODE
AUTO "MANUAL" INDICATORS

(DS6005, DS6006) ~—

(DS6013, 056014)

COOPERS ISLAND
ACQ DATA"SOURCE"
SWITCH
(56002,D56015,056016)

ACTIVE AGQUISITION AID “SOURGE" —1
SWITCH (56001,D56017,056018)

"DATA LINK POWER" INDICATOR —
(DS6031, DS6032)

"NO DATA ON BUS" INDICATOR —

(056021,056022)
™~ MANUAL INPUT

“ATIMUTH"
"28V SUPPLY" NO.| SWITCH AND —] DISPLAY
ON-FAILURE INDICATOR (86008)
(56004 ,056023, 056024,
DS6025,DS6026)
S / / \ AN
"28V SUPPLY"N0.2 SWITCH AND MANUAL INPUT ELEVATION MANUAL INPUT AZIMUTH
ON-FAILURE INDICATOR "ELEVATION" "MANUAL INPUT"  "SOURCE" SWITCH  “"MANUAL INPUT"
(56005,056027, 056028, DISPLAY SYNCHRO HANDWHEEL  (56003,056019,  SYNCHRO HANDWHEEL
(056029, S6030) (B6OOT) (86010) 0S6020) (86009)

Figure 3-3. Town Hill Acquisition Data Panel

(4). Remove the display screens from both of the on-failure indicators.
Check to see that all color filters are in place (two red and two green in each indi-
cator). The two lamps in the power supply number 1 indicator with green color filters
should be lit, and the two lamps in the power supply number 2 with red color filters
should be lit.

(5). Check and if necessary adjust the output voltage of power supply num -
ber 1 in accordance with the instructions in paragraph 5-4.D.(2).
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(6). Turn off power supply number 1 by turning off the "OFF-ON'" switch
on the dual power supply panel.

Note

Due to the long time constant of the power supply filter,
several seconds are required after turning off the power
supply before the holding coil of the '"28V SUPPLY"

switch releases.
(7). Turn on the OFF -ON switch on the dual power supply panel.

(8). Depress the '"28V SUPPLY" number 2 switch on the acquisition data
panel. This action turns on power supply number 2. The on-failure indicator for

power supply number 2 should be green and the indicator for power supply number 1
should be red.

(9). Check the indicators of both power supplies to see that both of the
lamps with green color filters in power supply number 2 indicator are lit and that
both of the lamps with the red color filters in the power supply number 1 indicators
are lit.

(10). Check and if necessary adjust the output voltage of power supply num-
ber 2 in accordance with the instructions in paragraph 5-4.D.(2).

(11). Depress the '"28V SUPPLY'" number 1 switch. The -on-failure indi-
cators for both power supplies should be green.

C. INDICATORS

(1). Turn on the acquisition data console circuit breaker on the site power
panel.

(2). Turn on the "OFF-ON" switch on the dual power supply panel (figure
3-4).

(3). Depress the '""28V SUPPLY" number 1 and number 2 switches on the
acquisition data panel (figure 3-1 or 3-3).

(4). Check the operation of each of the console indicators by completing
its circuit with a temporary jumper to 28 VDC or ground. The indicators to be
checked in this manner and the associated terminals to be jumpered to 28 VDC or
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ground are listed intables 3-Il and 3-III. Aseach of the indicators islighted, remove its
display screen to see that both color filters are in place and that both lamps are working

(except for the cablewrap indicators, which have nocolor filter and only one lamp).

TABLE 3-1I. INDICATOR CHECKOUT PROCEDURE, COOPERS ISLAND
Indicator Terminal to be Q@_@I_‘_
—_— Jumpered Connection

Town Hill "MANUAL" (DS6035, DS6036) TB6019-+4 Ground

Town Hill "SLAVED" (DS6033, DS6034) TB6019-3 28 VDC

Town Hill "VALID TRACK" (DS6029, TB6019-2 28 VDC
DS6030)

Active Acquisition Aid "MANUAL" TB6008-3 Ground
(DS6005, DS6006)

Active Acquisition Aid "SLAVED" TB6008-2 28 VDC
(DS6003, DS6004)

Active Acquisition Aid "AUTO" (DS6001, TB6008-1 28 VDC
DS6002)

Active Acquisition Aid "CABLE WRAP" TB6008+4 28 VDC
(DS6059)

Active Acquisition Aid "CABLE WRAP" TB6008-5 28 VDC
(DS6060)

Verlort "VALID TRACK" (DS6009, DS6010) TB6009-1 Ground

Verlort "SLAVED" (DS6013, DS6014) TB6009-3 28 VDC

Verlort "MANUAL" (DS6015, DS6016) TB60094 28 VDC

FPS-16 "VALID TRACK' (DS6019, DS6020) TB6009-5 Ground

FPS-16 "SLAVED'" (DS6023, DS6024) TB6009~-7 28 VDC

FPS-16 "MANUAL" (DS6025, DS6026) TB6009-8 28 VDC

Transmitting Antenna No. 2 "CABLE WRAP" TB60184 28 VDC
(DS6064)

Transmitting Antenna No. 2 "CABLE WRAP" TB6018-3 28 VDC
(DS6063)

Transmitting Antenna No. 2 "SLAVED" TB6018-1 28 VDC
(DS6043, DS6044)

Transmitting Antenna No. 2 "MANUAL" TB6018-2 28 VDC
(DS6045, DS6046)

Transmitting Antenna No. 1 "CABLE WRAP" TB6022 4 28 VDC
(DS6062)

Transmitting Antenna No. 1 "CABLE WRAP" TB6022~-3 28 VDC

(DS6061)
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TABLE 3-II. INDICATOR CHECKOUT PROCEDURE, COOPERS ISLAND (Cont.)

Indicator Terminal to be J umpfer
— Jumpered Connection
Transmitting Antenna No. 1 "SLAVED" TB6022-1 28 VDC
(DS6039, DS6040)
Transmitting Antenna No. 1 "MANUAL" TB6022-2 28 VDC
(DS6041, DS6042)
"DATA LINK POWER" (DS6065, DS6066) TB6022-5 28 VDC

TABLE 3-II. INDICATOR CHECKOUT PROCEDURE TOWN HILL

. Terminal to be Jumper
Indicator Jumpered Connection

Active Acquisition Aid "MANUAL" TB6004 4 Ground
(DS6009, DS6010)

Active Acquisition Aid ""SLAVED" TB6004 -3 28 VDC
(DS6007, DS6008)

Active Acquisition Aid "TAUTO" TB6004-2 28 VDC
(DS6005, DS6006)

Active Acquisition Aid "CABLE WRAP" TB6004 -5 28 VDC
(DS6001)

Active Acquisition Aid "CABLE WRAP" TB6004-6 28 VDC
(DS6002)

Receiving Antenna "MANUAL'" TB6005-3 28 VDC
(DS6013, DS6014)

Receiving Antenna '""SLAVED" TB6005-2 28 YDC
(DS6011, DS6012)

Receiving Antenna "CABLE WRAP" TB6005 4 28 VDC
(DS6003)

Receiving Antenna "CABLE WRAP" TB6005-5 28 VDC
(DS6004)

D. SOURCE SWITCHES (Figures 3-1, 3-2, 3-3)
(1). Turn on the acquisition data console circuit breaker on the site power

panel.

(2). Turn on the OFF-ON switch on the dual power supply panel (figure
3-4) and depress ""28V SUPPLY" number 1 and number 2 switches on the acquisition
data panel.

3-14




3-2.D.(2). MS-112 Section III

(3). The '""NO DATA ON BUS" indicator should be lit. Remove the display
screen and check that both color filters are in place and that both lamps are lit.

(4). Depress the manual input "SOURCE" switch. The "NO DATA ON
BUS" indicator should go out. The switch should remain depressed, and its indicator
lamps should light. Check the color filters and lamps with the display screen re-
moved,

(5). Depress the active acquisition aid "SOURCE" switch. The manual
input "SOURCE" switch should be de-actuated, and its indicator lamps should go out.
The active acquisition aid "SOURCE" switch should remain depressed, and its indi-
cator lamps should light. Check its color filters and lamps with the display screen
removed.

(6). Depress each of the remaining "SOURCE" switches one at a time.
As each is depressed, it should remain depressed, and its indicator lamps should
light. The previously depressed switch should be de-actuated and its indicator lamps
should go out. With the display screen removed, check the color filters and lamps
of each indicator while it is lit.

5
e

rpiee  U-
ol b e b S

SWITCH  (F6201)  (F6202) (F6203) (F6204) (NDICATOR
(56201 (DS6200)

Figure 3-4. Dual Power Supply
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TABLE 3-IV. MODE INDICATING CONTROLS

Section I

. . Position for
Equipment Mode Name of Control Location Mode Operatic Operation
Active Acquisition | Manual | "MANUAL" switch | Control Console Depressed
Aid Mode Switch
Panel
Auto- "AUTO" switch Control Console Depressed
matic Mode Switch
Panel
Slaved "SLAVED" switch Control Console Depressed
Mode Switch
Panel
Receiving Manual | "ELEVATION Servo Rack "LOCAL"
Antenna LOCAL-REMOTE" | Control-Indi-
switch cator Unit
"AZIMUTH LOCAL- | Servo Rack "LLOCAL"
REMOTE" switch Control-Indi-
cator Unit
Slaved "ELEVATION Servo Rack "REMOTE"
(Note 1) LOCAL-REMOTE" | Control-Indi-
switch cator Unit
"AZIMUTH LOCAL- | Servo Rack "REMOTE"
REMOTE" switch Control-Indi-
cator Unit
Transmitting Manual | "ELEVATION Servo Rack "LOCAL"
Antennas LOCAL-REMOTE'" | Control-Indi-
switch cator Unit
"AZIMUTH LOCAL- | Servo Rack "LOCAL"
REMOTE" switch Control-Indi-
cator Unit
Slaved "ELEVATION Servo Rack "REMOTE"
(Note 1) LOCAL-REMOTE" | Control-Indi-
switch cator Unit
"AZIMUTH LOCAL-| Servo Rack "REMOTE"
REMOTE" switch Control-Indi-
cator Unit
FPS-16 Radar Manual | "MANUAL MODE" | Range Indicator Depressed
pushbutton Panel, Radar
Console
Auto- "DATA ACCEPT- Range Indicator Depressed
matic ABLE -YES'" push- Panel, Radar
button Console
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TABLE 3-IV. MODE INDICATING CONTROLS (Cont.)

. . I Position for
Equipment Mode Name of Control Location Mode Operation
FPS-16 Radar Slaved "DESIGNATION Range Indicator Depressed
(Cont.) DATA" "SOURCE Panel, Radar
1" pushbutton Console
Verlort Radar Manual | "MANUAL" push- Mode Control Depressed
button Panel, Radar
Console
Auto- "DATA ACCEPT - Range and Aided "ON"
matic ABLE" switch Control Panel,
Radar Console
Slaved "REMOTE POSI- Mode Control Position
TION SELECTOR" Panel, Radar ngn
switch Console
"REMOTE" push- Mode Control Depressed
button Panel, Radar
Console

Note 1:  For a "SLAVED" indication on the acquisition data. console, both switches
must be in the remote position. Otherwise, a "MANUAL" indication is
given.

E. SYNCHROS AND SYNCHRO LINE AMPLIFIER
There is no convenient means of performing checks on the synchros and

synchro line amplifiers without operation of the entire acquisition system and all of
the equipment connected to it. Therefore, the initial check of these items should be
made during the first system operational check (paragraph 3-5).

F. SIGNAL STRENGTH METERS AND PILOT LIGHTS
As part of the initial turn-on procedure, the meters on the Town Hill active

acquisition aid control console signal strength meter panel require calibration.
Refer to paragraph 5-4.H for detailed instructions. Proceed as follows to check the
operation of the pilot lights on the meter panel:

(1). With the active acquisition aid energized, turn "SELECTOR'" switch
S62301 on the meter and switch panel to the number 1 position. Pilot lamp DS62301
(beneath "SIGNAL STRENGTH" meter M62303 on the meter and switch panel) should
light. See figure 3-8.
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CHANNEL CHANNEL

LINE "COMPENSATION" CONTROLS LINE "COMPENSATION" CONTROLS
(R3) (R38) (R37) (R38)

\ S S
1 @é @/ |

_—© |
™ SWITCH

| )C%\ M o

“2 AMP" FUSE "POWER" ON "POWER" ON "2 AMP" FUSE
(F1) INDICATOR INDICATOR (F1)
(DS (Dsh)

SWITCH |
(s)

"OFF-ON' | ]
0)

Figure 3-5. Synchro Line Amplifier

(2). Turn "SELECTOR" switch $62301 to positions 2, 3, 4, and 5. Pilot
lamps DS1, DS2, DS3, and DS4 on the signal strength meter panel should light in suc-
cession. See figure 3-7.

G. INTERCOM PANEL (Figure 3-6)
For information on the intercom panel, refer to the Intrasite PBX and
Interim System Manual, MS-109.

3-3. NORMAL TURN-ON PROCEDURE

A. For normal turn-on procedures for all equipment other than the acquisition

data consoles, see the applicable equipment manuals, listed in table 1-II.

B. For normal turn-on of each of the acquisition data consoles, proceed as

follows:

(1). Turn on the acquisition data console circuit breaker on the site power
panel.

(2). Turn on the OFF-ON switch on the dual power supply panel (figure
3-4).
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VOLUME
CONTROL
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Figure 3-6. Intercom Panel

(3). Depress the "28V SUPPLY" number 1 and number 2 switches (figure
3-1 or 3-3). Both of the associated indicators should come on and should be green.
The acquisition data console is now ready for operation.

RCVR ANT. AAA ANT. RCVR ANT. AAA ANT.
FREQ A TLM RCVR FREQ A TLM RCVR FREQ B TLM RCVR FREQ B TLM RCVR
"SIGNAL STRENGTH" "SIGNAL STRENGTH" “SIGNAL STRENGTH" “SIGNAL STRENGTH"

METER (MD) METER (M2) METER (M3) METER (M4)

\. / /

CALIBRATION CALIBRATION CALIBRATION CALIBRATION
CONTROL CONTROL CONTROL CONTROL
(RD) (R2) (R3) (R4)

Figure 3-7. Active Acquisition Aid Control Console Signal Strength Meter Panel
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3-4. NORMAL OPERATING PROCEDURE

A. GENERAL
Paragraphs 3<4.B. and 34.C. present operating instructions for the ac-
quisition system without specifying when and under what conditions the various func-
tions are to be performed. The latter information is given in paragraphs 3—4.D. and
34.E.

B. OPERATING INSTRUCTIONS - COOPERS ISLAND

(1). Turn on the acquisition data console in accordance with paragraph 3-3.

(2). Turn on synchro line amplifiers number 1 and number 2 (on the acqui-
sition data console) by turning on all of the channel "OF F-ON" switches. The
"POWER ON'" indicators should come on. (See figure 3-4.)

(3). By intercom, instruct the operator at the Verlort radar to turn on
the synchro line amplifier there (number 3).

(4). Turn on the synchro remoting system transmitter-receiver. (Refer
to the equipment manual, listed in table 1-II.)

(5). If the manual input is to be used, set the handwheels (figure 3-1) so

that the associated displays are at the desired azimuth and elevation.

(6). By intercom, instruct the operators of the transmitting antennas, the
active acquisition aid, and the radars to disconnect their equipment from the acquisi-

tion bus and stand by for further instructions.

(7). Check the d-¢c mode indications (figure 3-1) from the transmitting
antennas to see that the antennas are in the manual (local input) mode of operation.

The active acquisition aid and the radars should be in the manual or automatic mode.

The purpose of disconnecting equipment from the acqui-
sition bus before switching data on is to avoid sudden,
large changes in the inputs to the antenna positioning

systems. Such step-function inputs impose unnecessary

wear on the equipment, and under certaincircumstances
candrive the antennas into their azimuth or elevationlimit stops.
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(8). Connect the desired source of data (manual, active acquisition aid,
Town Hill, Verlort, or FPS-16) to the acquisition bus by depressing the proper
"SOURCE" switch (figures 3-1 and 3-2). The source switch indicator should light
and the switch should remain depressed after being released. The '""NO DATA ON
BUS" indicator should go out.

“ELEVATION ERROR" "AZIMUTH ERROR" "SIGNAL STRENGTH"
METER METER METER

\ | /
Q@ ©O
7 @Q\

PILOT “SELECTOR" "VOLUME"
LAMP SWITCH CONTROL

@

Figure 3-8, Active Acquisition Aid Control Console Meter and Switch Panel

(9). By intercom, instruct the operators of all antennas which are not the
source of the data on the bus, to set their antennas to the approximate azimuth and
elevation which have been connected to the bus. The azimuth and elevation data con-
nected to the bus are shown on the console displays of the selected source (figures
3-1 and 3-2).

(10). Check the position of the antennas on the console displays and then
instruct the operators that they may slave their antennas to the acquisition bus.
(Table 3-IV gives the name, location, and proper position or condition of the various
controls used for selecting the operating modes of the various pieces of equipment in
or connected to the acquisition system.)

"aase o o

CAUTION

Be sure that the position of the active acquisition aid
and transmitting antennas is correct before they are
slaved to the acquisition bus. Otherwise, one or more
of them may be driven into its azimuth or elevation

limit stops.
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(11). Check the d-¢c mode indicators to see that the transmitting antennas

are slaved to the acquisition bus. Slaving of the active acquisition aid and the radars
to the acquisition bus is at the option of the operators of the equipment, except when

one of them is the source of the data on the bus, in which case it cannot be slaved.

(12). Check the console displays of the transmitting and active acquisition
aid antennas to see that each of them is in the proper location in regard to its cable
wrap limits. The upper "CABLE WRAP" indicator should be lit if the pointer of the
associated "AZIMUTH" display is in the upper half of the dial, and the lower indicator
should be lit if the pointer is in the bottom half of the dial. (Refer to paragraph 4-2.
C.(4). and figure 4-7 for complete information on antenna position relative to cable

wrap limits.)

(13). Check the system slaving accuracy: The console displays of data
from slaved radar and active acquisition aid antennas should not differ by more than
1.5 degrees from the console displays of data from the selected source; displays

from the transmitting antennas should not differ by more than 3.0 degrees.

(14). To change from one source of acquisition bus data to another, pro-
ceed as follows:

(a). Check the azimuth displays of the two data sources (the one to
be switched off the bus and the one to be switched onto the bus) to see
that switching from one to the other will not drive the slaved antennas
into their limit stops. Synchro devices and servo systems using them
always turn in the direction which results in the lesser amount of
rotation in turning to a new, switched-in position; when a synchro
receiver is switched to a transmitter with a position different from
that of the receiver, the receiver always turns 180 degrees or less—
never more than 180 degrees. Thus, if a limit lies between the posi-
tions of the slaved antennas and the new source in the direction of
lesser rotation, switching to the new source will drive the slaved an-
tennas into their limits. When this circumstance exists, follow the

procedure below before switching.

1. If manual input data is to be switched onto the bus (data
from the acquisition aid, one of the radars, or Town Hill is on
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(b).

MS-112 SectionIII

the bus and is to be switched off): Turn the manual input to
approximately the same position as the data already on the bus.

2. If active acquisition aid, radar, or Town Hill data is to be
switched onto the bus (manual input data is on the bus and is to
be switched off): Turn the manual input (and the antennas sla-
ved to it) to the approximate position of the new source (active
acquisition aid, radar, or Town Hill). If the new source is the
active acquisition aid, turn the manual input in the direction
which results in the slaved antennas being in the same position
relative to their cable wrap limits as is the active acquisition
aid antenna.

3. If data from the active acquisition aid, the Verlort, the
FPS-16, or Town Hill is on the bus, and data from another one
of these sources is to be connected to the bus, connect the man-
ual input to the bus in accordance with step 1. above. Then
turn the manual input to the new source in accordance with step
2. This procedure brings the slaved antennas smoothly from
the position of the old source to that of the new source without

having to change the position of either source.

Connect the new source of data to the acquisition bus by de-

pressing the appropriate "SOURCE" switch. This action also dis -
connects the previous source.

(o).

If manual data has been switched onto the bus, but the manual

input has been turned away from the desired position per step (a). 1.,

set the manual input to the desired position.

(d).

Check the condition of cable wrap and system slaving accuracy

as directed in preceding steps (12). and (13).

C. OPERATING INSTRUCTIONS - TOWN HILL

(1). Turn on the acquisition data console in accordance with paragraph 3-3.

(2). Turn on the synchro line amplifier by turning on both of the channel

"OFF -ON" switches.

The "POWER ON" indicators should come on. (See figure 3-5.)
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(3). Turn on the synchro remoting transmitter-receiver. (Refer to the

equipment manual, listed in table 1-II.)

(4). If the manual input is to be used, set the handwheels (figure 3-3) so

that the associated displays are at the desired azimuth and elevation.

(5). By intercom, instruct the operators of the receiving antenna and the
active acquisition aid to disconnect their equipment from the acquisition bus and stand

by for further instructions.

(6). Check the d-c mode indications (figure 3-3) from thereceiving antenna
to see that it is in the manual (remote input) mode of operation. The active acquisi-

tion aid should be in the manual or automatic mode.

; CAUTION ;

The purpose of discénnecting equipment from the acqui-

sition bus before switching data on is to avoid sudden,
large changes in the inputs to the antenna positioning
systems. Such step-function inputs impose unnecessary
wear on the equipment, and under certain circumstances
can drive the antennas into their azimuth or elevation
limit stops.

(7). Connect the desired source of data (manual, Coopers Island, or
active acquisition aid) to the acquisition bus by depressing the proper "SOURCE"
switch (figure 3-3). The source switch indicator should light and the switch should
remain depressed after being released. The ""NO DATA ON BUS" indicator should go
out.

(8). By intercom, instruct the operators of the receiving antenna (and
the active acquisition aid if manual input or Coopers Island data has been connected
to the bus) to set his antenna to the approximate azimuth and elevation which have
been connected to the bus. The azimuth and elevation data connected to the bus are
shown on the MANUAL INPUT, ACTIVE ACQUISITION AID, or COOPERS ISLAND
displays (figure 3-3), depending on which source has been selected.

(9). Check the position of the antennas on the console displays and then
instruct the operators that they may slave their antennas to the acquisition bus.
(Refer to table 3-IV.)
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¥ caution ;

Be sure that the position of the antennas is correct
before they are slaved to the acquisition bus. Other-
wise, one or both of them may be driven into its

azimuth or elevation limit stops.

(10). Check the d-c mode indicators to see that receiving antenna is slaved
to the acquisition bus. If the active acquisition aid has been selected as the source of
data for the acquisition bus, it cannot be slaved to the bus. If the manual input or
Coopers Island has been selected as the source of data, slaving of the active acquis-

ition aid to the bus is at the option of the active acquisition aid operator.

(11). Check the console displays of the slaved antennas to see that each of
them is in the proper location in regard to its cable wrap limits. The upper "CABLE
WRAP" indicator should be lit if the pointer of the associated "AZIMUTH" display is
in the upper half of the dial, and the lower indicator should be lit if the pointer is in
the bottom half of the dial. (Refer to paragraph 4-2.C.(4). and figure 4-7 for com-
plete information on antenna position relative to cable wrap limits.)

(12). Check the system slaving accuracy: The console displays of data
from the active acquisition aid (if slaved) should not differ by more than 1.5 degrees
from the console displays of data from the selected source; displayed data from the
receiving antenna should not differ by more than 3.0 degrees.

(13). To change from one source of acquisition bus data to another, pro-~

ceed as follows: »

(a). Check the azimuth displays of the two data sources (the one to
be switched off the bus and the one to be switched onto the bus) to see
that switching from one to the other won't drive the slaved antennas
into their limit stops. [Refer to paragraph 3-4.B.(14).] If the
antennas are in the wrong position for switching, follow the proce-
dure below before switching:

1. If manual input data is to be switched onto the bus (active
acquisition aid or Coopers Island data is on the bus and is to

be switched off) : Turn the manual input to approximately the
same position as the data on the bus.
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2. If active acquisition aid or Coopers Island data is to be

switched onto the bus (manual input data is on the bus and is

to be switched off): Turn the manual input (and the antennas
slaved to it) to the approximate position of the data to be switch-
ed onto the bus. If active acquisition aid data is to be switched
onto the bus, turn the manual input in the direction which re-
sults in the receiving antenna being in the same position rela-
tive to its cable wrap limits as is the active acquisition aid an-

tenna.

3. If data from the active acquisition aid or Coopers Island

is on the bus, and data from the other sources is to be switched
onto the bus, connect the manual input to the bus in accordance
with step 1 above. Then turn the manual input to the position
of the new source in accordance with step 2. This procedure
brings the slaved antenna smoothly from the position of the old
source to that of the new source without having to change the

position of either source.

(b). Connect the new source of data to the acquisition bus by de-
pressing the appropriate "SOURCE" switch. This action also discon-

nects the previous source.

(c). If manual data has been switched onto the bus, but the manual
input has been turned away from the desired position per step (a). 1.,

set the manual input to the desired position.

(d). Check the condition of cable wrap and system slaving accuracy

as directed in preceding steps (11). and (12).

D. OPERATING CRITERIA - COOPERS ISLAND

Paragraph B. has described how to perform various functions in the oper-
ations of the acquisition system. This paragraph describes when and under what

conditions the functions are to be performed.

(1). PREPARATION FOR CAPSULE PASS

(a). Perform the system operational checks described in paragraph
3-5.
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(2).
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(b). Set the acquisition data console manual input in accordance with
predicted data.

(c). Connect the manual input to the acquisition bus and notify the

appropriate operators to slave all antennas to the bus.

INITIAL ACQUISITION - ACTIVE ACQUISITION AID

(a). Inthe Mercury capsule there are two telemetry transmitters
which operate at different frequencies in the 225- to 260-megacycle
band. The transmitters operate at the same power, and normally
either frequency may be used in tracking the capsule. Therefore,
for initial acquisition and subsequent tracking, the active acquisition
aid may be set at either frequency unless difficulty in acquisition and
tracking is encountered. If difficulty is encountered, try the other
frequency to see if better results are obtained.

(b). Watch the signal strength indicators and panalyzer and listen
for telemetry audio. These will be the first indications that the cap-
sule is in range.

(c). As soon as there are indications that a signal is being received,
switch the active acquisition aid into automatic tracking and closely

monitor its action as shown on the control console synchro displays.

(d). At low elevation angles the active acquisition aid may track a
signal reflected from the ground. Therefore, closely monitor the
control console synchro displays, particularly the elevation display.
If the indicated elevation angle goes below the known horizon, switch
to the manual elevation mode and position the antenna for minimum
elevation error signal indication at an elevation above the horizon.
Manually track the capsule in elevation until it is a few degrees higher
and then switch back to fully automatic tracking. (Both channels in
automatic.)

(e). By intercom, keep the acquisition data console operator inform -
ed of the status of tracking with the active acquisition aid. This
status information is especially important during the critical, initial

acquisition phase of the operation. As soon as fully automatic
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tracking is achieved and the quality of the track is verified by obser-
vation of the synchro displays, notify the acquisition data console

operator of this fact in order to confirm the "AUTO" d-c mode indi-
cation (which was given when the active acquisition aid was switched

into automatic).

(3). INITIAL ACQUISITION ~- VERLORT RADAR

The Verlort radar should remain slaved to the acquisition bus until

a capsule signal is received by the active acquisition aid either at Coopers Island or
Town Hill (unless of course the radar should locate the capsule before the other
active acquisition aid does). If the Town Hill active acquisition aid begins receiving
signals from the capsule before the Coopers Island active acquisition aid, data from
Town Hill will be connected to the Coopers Island acquisition bus. When a capsule
signal is received by one of the active acquisition aids at a low elevation angle, the
elevation channel of the Verlort should be switched from the slaved mode, and eleva
tion searching begun. The azimuth channel of the radar should remain slaved to the

active acquisition aid (through the acquisition bus) and elevation searching should

be continued until the radar acquires the capsule or until the elevation of the capsule

is sufficient to insure accurate tracking by the active acquisition aid (at least 10 and
preferably 15 degrees above the horizon). If this elevation is reached before the
radar acquires the capsule, the elevation channel of the radar should be switched from
the searching mode and again be slaved to the active acquisition aid until the capsule
is acquired. If the FPS-16 radar acquires the capsule before the Verlort does, data
from the FPS-16 will be switched onto the acquisition bus. Both channels of the
Verlort should then be slaved through the acquisition bus, to the FPS-16.

(4). INITIAL ACQUISITION - FPS-16 RADAR

Procedures for initial acquisition with the FPS-16 are the same as

those for the Verlort, described in the preceding paragraph, except of course that
if the Verlort acquires the capsule before the FPS-16 does, both channels of the
FPS-16 should then be slaved through the acquisition bus to the Verlort radar.

(5). INITIAL ACQUISITION - ACQUISITION DATA CONSOLE

(a). As soon as notification is received from the active acquisition
aid (by d-c mode indication or verbal communication) that it is track-

ing the capsule either automatically, manually with the error signal
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indicators, or manually with signal strength indication, switch the
active acquisition aid data onto the acquisition bus. Data from the
active acquisition aid when it is tracking in any of these modes is
generally more accurate than the manual input settings on the acqui-
sition data console.

(b). If notification is received that the active acquisition aid at
Town Hill is tracking the capsule automatically before the Coopers
Island active acquisition aid begins automatic tracking, switch data
from Town Hill onto the Coopers Island bus.

(c). After one of the radars has acquired the capsule and is track-
ing it automatically, switch data from that radar onto the acquisition
bus. Data from either radar is preferred to that from either acqui-
sition aid. When both of the radars are tracking the capsule automa-
tically, switch data from the FPS-16 onto the bus.

TRACKING

(a). After intial acquisition the operating procedure for the acquisi-
tion data console is simply to keep the best available data on the
acquisition bus. The order of preference for automatic tracking data

is as follows:
1. FPS-16 radar.
2. Verlort radar.
3. Coopers Island active acquisition aid.
4. Town Hill active acquisition aid.

(b). In the event that all automatic tracking is lost during a pass,
proceed as follows:

1. Switch acquisition data console manual input data onto the

bus.

2. Set the manual input to the best position (estimated or in
accordance with predicted data if available) for re-acquisition.

3. As soon as automatic tracking is re-established, switch
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data from the best available automatic tracking source onto

the acquisition bus.

E. OPERATING CRITERIA - TOWN HILL
Paragraph C has described how to perform various functions in the opera-

tion of the acquisition system at Town Hill. This paragraph describes when and under

what conditions the functions are to be performed.

(1). PREPARATION FOR CAPSULE PASS

(a). Perform the system operational checks described in paragraph
3-5.

(b). Set the acquisition data console manual input in accordance with
predicted data.

(c). Connect the manual input to the acquisition bus and notify the
active acquisition aid and receiving antenna operators to slave their

equipment to the bus.
(2). INITIAL ACQUISITION ~ ACTIVE ACQUISITION AID

Procedures for initial acquisition with the Town Hill active acquisi-

tion aid are the same as those for the Coopers Island active acquisition aid. Refer to
paragraph 3—4.D.(2).

(3). INITIAL ACQUISITION - ACQUISITION DATA CONSOLE

(a). As soon as notification is received from the active acquisition
aid that it is tracking the capsule either automatically, manually with
the error signal indicators, or manually with signal strength indic-

ation, switch the active acquisition aid data onto the acquisition bus.

(b). If notification is received that the active acquisition aid or one
of the radars at Coopers Island is tracking the capsule automatically
before the. Town Hill active acquisition aid begins automatic tracking,

switch data from Coopers Island onto the Town Hill bus.

(4). TRACKING
After initial acquisition, keep data from the active acquisition aid on
the acquisition bus for the duration of the pass unless the active acquisition aid loses
the track. If this happens, and automatic tracking data is available from Coopers
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Island, switch Coopers Island data on to the Town Hill bus. If no automatic tracking
data is available from Coopers Island and the Town Hill active acquisition aid loses
the track, proceed as follows:

(a). Switch acquisition data console manual input data onto the bus.

(b). Set the manual input to the best position (estimated or in accord-
ance with predicted data if available) for re-acquisition.

(c). As soon as the active acquisition aid re-acquires the capsule in
any of its modes of operation, switch data from it onto the acquisi-
tion bus.

3-56. SYSTEM OPERATIONAL CHECKS
This paragraph describes the checks to be performed to ascertain that the ac-

quisition data consoles and the overall acquisition system are in satisfactory operating
condition. Detailed procedures for equipment other than the acquisition data consoles
are given in the applicable individual equipment manuils, listed in table 1-II. All of
the checks for each individual piece of equipment and for the overall system are to be
performed after initial turn-on of the equipment and again shortly before each Mer-
cury operation. Only the operations to be performed are described in this paragraph.
For detailed instructions on how to carry out the operations, see paragraph 3-4.

A. D-C INDICATIONS

(1). COOPERS ISLAND

(a). Check the console 28 VDC power supply and source switches in
accordance with the instructions in paragraphs 3-2.B. and D.

(b). Direct the operators of the active acquisition aid, the trans-
mitting antennas, the Verlort radar, and the FPS-16 radar to switch
their equipment successively to all modes of operation; "AUTO",
"SLAVED" and "MANUAL" for the active acquisition aid, ""VALID
TRACK", "SLAVED" and "MANUAL" for the radars, and "SLAVED"
and "MANUAL" for the transmitting antennas. The equipment con-
trols which give these indications are listed in table 3-IV. Also
direct the operator of the Town Hill active acquisition aid to switch
his equipment through its three operating modes. As the operating
modes are switched, check the appropriate console d-c mode
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indicators (figures 3-1 and 3-2) to see that they light when they should.
While each indicator is lit, remove the display screen and see that

both color filters are in place and that both lamps are lit.

{(c). With no equipment slaved to the Coopers Island acquisition bus,
depress successively each of the five "SOURCE" switches onthe console
(MANUAL INPUT, ACTIVE ACQUISITION AID, TOWN HILL, FPS-16
RADAR, and VERLORT RADAR), Direct the Verlortand FPS-16 radar
operators to check the acquisitionbus source indicatorsin the radars.

In the Verlort these are on the status control panel, and in the FPS-

16 they are on the IRACQ panel (see figure 7-22), As each console
"SOURCE" switch is depressed, the associatedindicator ("COOPERS
ISLANDADC, " COOPERSISLAND AAA, ""TOWN HILL, " "FPS-16,"

or "VERLORT") in each of the radars should light,

(d). Direct the operators of the active acquisition aid and the trans-
mitting antennas to set their antennas to approximately 260 degrees
azimuth and then slowly rotate them in the clockwise (increasing
azimuth) direction. As each antenna passes 270 degrees, the associ-
ated upper (clockwise indicating) cable wrap indicator on the acquisi-
tion data console should light. Direct the operators to set the anten-
nas at approximately 280 degrees and then slowly rotate them in the
counterclockwise direction. As each antenna passes 270 degrees,

the associated lower cable wrap indicator should light.
TOWN HILL

(a). Check the console 28 VDC power supply and source switches in

accordance with the instructions in paragraphs 3-2.B. and D.

(b). Check the mode indications from the active acquisition aid and
the receiving antenna in accordance with the instructions given in
paragraph 3-5.A.(1).(b). for checking the active acquisition aid and

transmitting antennas at Coopers Island.

(c). Check the operation of the cable wrap indicators from the
active acquisition aid and receiving antennas in the same manner as
the Coopers Island indicators were checked. Refer to paragraph
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3-5.A.(1).(d).

B. SYNCHROS, SYNCHRO LINE AMPLIFIERS, AND SYNCHRO REMOTING
SYST EM

(1). Set the Coopers Island acquisition data console manual inputs to
zero degrees azimuth and elevation and switch this data onto the acquisition bus.

(2). At Town Hill connect data from Coopers Island to the acquisition bus
and direct the operator of the Town Hill active acquisition aid to slave his equipment
to the acquisition bus.

(3). At Coopers Island direct the operators of the active acquisition aid,
the radars and the transmitting antennas to slave their equipment to the acquisition
bus.

(4). Check the displays of antenna position (including those from Town
Hill) on the acquisition data console and have the other equipment operators check
their local displays. The radar and Coopers Island active acquisition aid antenna
position displays (local and on the acquisition data console) should agree with the man-
ual input displays within +1.5 degrees. The transmitting antenna and Town Hill dis-
plays should agree with the Coopers Island manual input displays within +3. 0 degrees.

(5). With the acquisition data console handwheel,change the azimuth man-
ual input from zero to 360 degrees in 30-degree steps and change the elevation manual
input from zero to 90 degrees, also in 30-degree steps. At each step in azimuth and
elevation check the antenna position displays for agreement with the manual input dis-
plays as in the preceding paragraph.

(6). With at least one antenna slaved to the Coopers Island bus (only one is
necessary for the balance of these checks), switch data in turn from each of the re -
maining four sources onto the acquisition bus. The remaining four sources are the
Coopers Island active acquisition aid, the Verlort radar, the FPS-16 radar, and Town
Hill. As each source is connected to the bus, have the operator at the source man-
ually vary the source through 360 degrees in azimuth and 90 degrees in elevation. At
each 30-degree step in azimuth and elevation check the console displays from the
source and from the slaved antenna. They should agree with the source data displays
at the source within +1.5 degrees or +3.0 degrees, depending on the particular an-
tennas being used. When the two antennas being used are the Coopers Island active
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acquisition aid and one of the radars or are both of the radars, the accuracy require-
ment is 1.5 degrees. For any other combination of source and slaved antenna, the

requirement is +3.0 degrees.

(7). At Town Hill with the active acquisition aid and the receiving antenna
slaved to the acquisition bus, connect the manual inputs to the bus and vary them in
30-degree steps through 360 degrees in azimuth and 90 degrees in elevaﬁon, checking
antenna and manual input displays for agreement within +3.0 degrees at each 30-
degree step in both azimuth and elevation.

(8). Switch data from the Town Hill active acquisition aid onto the bus.

(9). Have the operator set the active acquisition aid antenna to zero de-
grees azimuth and elevation and then vary it through 360 degrees in azimuth and 90
degrees in elevation in 30 -degree steps. At each 30-degree step in azimuth and ele-
vation check the active acquisition aid and receiving antenna displays. They should

agree with the active acquisition aid control console displays within £3. 0 degrees.

C. SIGNAL STRENGTH METERS

Check the calibration of the meters on the Town Hill active acquisition aid

control console signal strength meter panel in accordance with the instructions in
paragraph 5-4.H.

3-6. EMERGENCY OPERATING PROCEDURE

A. GENERAL

Emergency operation of the acquisition system will be required under two
general conditions. The first of these conditions is the unavailability of data from
a source when it normally should be available. This unavailability could be due
either to a malfunction of the source equipment or to simple failure to acquire the
capsule. The second condition requiring emergency operation is a malfunction of a
component, such as a relay, or a synchro line amplifier, which does not directly
affect a data source but which hinders or prevents communication or transmission of
data. Procedures for operation under these two general conditions are discussed in
the following paragraphs.

B. OPERATION WITH DATA SOURCE FAILURE
The procedure for operating when data from the normal source is not avail-

able is simply to use the next best data which is available. The order of preference
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of data sources is as follows:

(1).

(2).

COOPERS ISLAND

(a). FPS-16 radar.

(b). Verlort radar.

(c). Coopers Island active acquisition aid in fully automatic tracking.
(d). Town Hill active acquisition aid in fully automatic tracking.

(e). Coopers Island active acquisition aid in manual tracking by
error signal indication in one channel, automatic tracking in the
other.

(f). Town Hill active acquisition aid in tnanual tracking by error

signal indication in one channel, automatic tracking in the other.

(g). Coopers Island active acquisition aid in manual tracking by
error signal indication in both channels.

(h). Town Hill active acquisition aid in manual tracking by error

signal indication in both channels.

(i). Coopers Island active acquisition aid in manual tracking by

means of signal strength indications.

(j). Town Hill active acquisition aid in manual tracking by means
of signal strength indications. [Refer to paragraph 4-2.E.(2).(f).]

(k). Manual input at the acquisition data console.

(1). Independent manual positioning of antennas in accordance with
tracking data read over the intercom system. This manner of opera-
tion would apply to an antenna if its connection to the acquisition bus
were broken, but other devices were operative and tracking the cap-

sule.

(m). Independent manual positioning of antennas in accordance with
predicted data.

TOWN HILL

(a). Active acquisition aid in fully automatic tracking.
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(b). Automatic tracking data from Coopers Island.

(c). Active acquisition aid in manual tracking by error signal indi-

cation in one channel, automatic tracking in the other.

(d). Active acquisition aid in manual tracking by error signal indi-

cation in both channels.

(e). Active acquisition aid in manual tracking by means of signal
strength indications.

(f). Manual input at the acquisition data console.

(g). Independent manual positioning of antennas in accordance with

tracking data read over the intercom system.

(h). Independent manual positioning of antennas in accordance with

predicted data.

C. OPERATION WITH COMPONENT MALFUNCTION

In many instances if a component fails and cannot be repaired or replaced

in the time available, temporary circuit connections can be made which will allow at
least limited operation of the system. It is of course impractical to attempt to give
specific instructions covering all possible failures; maintenance personnel must have
sufficient knowledge of the system to devise temporary fixes on the spot. However,
to illustrate the types of fixes that might be used, some examples are given in the

following paragraphs.

(1). ACQUISITION DATA CONSOLE 28 VDC POWER SUPPLY

(a). Each of the two 28 VDC power supplies in the acquisition data
consoles is capable of easily supplying all of the current needed in
the console and 28-volt devices connected to it. Therefore, failure
of one supply reduces the reliability of the console, but does not

make it inoperative.

(b). Should both of the console 28-volt supplies fail, 28 VDC can be
supplied to the console from other, nearby equipment: Turn off the

dual power supply OFF -ON switch (figure 3-4) and check the console
28 VDC bus to see that it is not shorted to ground. Jumper any con-

venient terminal on the console 28 VDC bus (see figures 7-1 and 7~3)
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to a source in other equipment which can supply about one ampere in
addition to its normal load. Also connect a jumper between acquisi-
tion data console ground and the negative side of the external 28-volt
supply. The acquisition data console can now be operated normally
except for turning 28 VDC off and on.

(2). RELAYS
Defective relays can be ''fixed" by jumpering the normally open ter-
minals. For instance at Town Hill, should the acquisition data console relay K6004,
which connects data from the active acquisition aid to the acquisition bus fail, data
from the active acquisition aid can be connected to the bus by placing jumpers between
terminal boards TB6003 and TB6011. (See figure 7-3).

(3). SYNCHRO LINE AMPLIFIERS
A malfunctioning synchro line amplifier in a critical location in the
system, such as in the acquisition bus, can be replaced by another amplifier from a

less critical place, such as a display data circuit. Also, synchro line amplifiers can
be temporarily "fixed" by removing them from the circuit and jumpering their inputs
to the corresponding outputs. However, this action would retain the 180-degree phase
reversal introduced by the line amplifier, and the synchro circuit of which the line

amplifier is a part would have to be adjusted accordingly.

(4). SYNCHROS
Like synchro line amplifiers, a defective synchro in a critical place
can be replaced by another synchro from a less critical place. For example, if one
of the azimuth or elevation manual input synchro receivers on an acquisition data con-
sole fails, it can be replaced by the receiving or transmitting antenna azimuth or ele-

vation display synchro receiver on the console.
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SECTION IV
THEORY OF OPERATION

4-1. GENERAL

With the exception of the acquisition data consoles, which are treated in detail,
this section presents the theory of operation of the acquisition system on a block
diagram level. Adjoining systems, those which receive information from or supply
information to the acquisition system, are treated only to the extent of their intercon-
nections with the acquisition system. For further information on these systems, re-
fer to the applicable system manuals. For detailed information on the components
of the acquisition system which are described only on a block diagram level, see the

applicable equipment manuals. These manuals are listed in table 1-II.

A. FUNCTION OF THE SYSTEM
As was described in Section I, the function of the acquisition system is to

take the best data available on the capsule's azimuth and elevation at any given time
and make it available on the acquisition bus for use by the active acquisition aids, the
radars, the transmitting antennas, and the receiving antenna. (The acquisition bus
is the "common'' line which distributes data to the using equipment.) The active
acquisition aids and the radars use the data from the acquisition bus as an aid in
acquiring the capsule for automatic tracking. As soon as they begin automatic track-
ing, the active acquisition aids and the radars stop using data from the bus; however,
under most conditions during a pass, acquisition data is still available to them for
use in re-acquiring the capsule in case they lose automatic tracking before the
capsule is out of tracking range. The transmitting and receiving antennas and their
associated equipment cannot track a target automatically. Therefore, these antennas

are normally slaved to data from the acquisition system at all times during a pass.

B. DATA INPUTS

(1). COOPERS ISLAND
Data inputs to the acquisition system at Coopers Island are available

from five sources: manual input, active acquisition aid, Verlort radar, FPS-16
radar, and Town Hill. At the acquisition data console data from the best (most

accurate) of these five sources is switched onto the acquisition bus and thereby made
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available to all of the steerable antennas on the site (except the one, if any, which is
the source of the data on the bus).

(2).

(a). The manual input to the acquisition system is made with
synchro transmitters on the acquisition data console. These
synchros are positioned by means of handwheels in accordance with
predicted capsule azimuth and elevation data based on computations

of the capsule's orbit.

(b). Data from the active acquisition aid, the Verlort radar, and
the FPS-16 radar is taken from synchro transmitters which are
mechanically coupled to the antennas of these pieces of equipment.

This data is transmitted to the acquisition data console.

(c). Data from Town Hill is taken from the acquisition bus there and
transmitted through the synchro remoting system to the Coopers
Island console. The actual source of this data may be the Town Hill
active acquisition aid or the manual input on the Town Hill

acquisition data console.

TOWN HILL

Data inputs to the acquisition system at Town Hill are available from

three sources; manual input, active acquisition aid, and Coopers Island. As at

Coopers Island, data from the best of these three sources is switched onto the

acquisition bus at the acquisition data console and thereby made available to all

steerable antennas on the site (except the one, if any, which is the source of the

data).

(a). The manual input and data from the active acquisition aid are
obtained at Town Hill in the same manner as they are at Coopers

Island, previously described.

(b). Data from Coopers Island is taken from the acquisition bus
there and transmitted through the synchro remoting system to the
Town Hill acquisition data console. The actual source of this data
may be the Coopers Island manual input, either of the radars, or the

Coopers Island active acquisition aid.
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C. NORMAL OPERATION

The following is a description of the normal sequence of availability,

distribution, and use of acquisition information during a typical pass of the capsule.
This description is given as an aid in understanding the overall operation of the
acquisition system. It should be noted that there are a number of possible variations
from the normal sequence. These variations are not discussed in the following

description, but should be apparent once the capabilities of the system are understood.

(1). Prior to the pass, predicted target position coordinates—azimuth,
elevation, range and time— are sent to the site in plain text from Goddard Space
Flight Center. Coordinates for four or five different times along the orbit are sent:
time of arrival at 700 nautical miles range, 30 seconds later, 60 seconds later, 90
seconds later, and time for position just past zenith when a zenith pass of the capsule
is expected. The first set of coordinates is read over the intercom to the acquisition
data console operators at Coopers Island and Town Hill, both of whom set their
manual input synchros accordingly and connect them to the acquisition bus. (Thus, at
this point Coopers Island and Town Hill are operating independently of one another.)
At Coopers Island the transmitting antennas, the active acquisition aid, the Verlort
radar, and the FPS-16 radar are slaved to manual input data. At Town Hill the re-
ceiving antenna and the active acquisition aid are slaved to the manual input there. If
acquisition (automatic tracking) of the capsule has not been accomplished either at
Coopers Island or Town Hill, the next three of the remaining sets of coordinates are
read and set into the system at the times given. The coordinates just past zenith are
used as an aid in re-acquiring the capsule if automatic tracking is lost as it passes
overhead.

(2). One of the active acquisition aids on the site acquires the capsule. If
the Town Hill active acquisition aid acquires first, data from it is switched onto the
acquisition bus at Town Hill. The receiving antenna remains slaved to the bus. At
Coopers Island all of the steerable antenna remain slaved to the bus, but the input to
the bus there is switched from manual to Town Hill. If the Coopers Island active
acquisition aid acquires first, the converse actions occur; data from the Coopers
Island active acquisition aid is switched onto the bus at Coopers Island and at Town
Hill.
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(3). The second active acquisition aid acquires the capsule, and Town Hill
and Coopers Island return to independent operation. The Town Hill active acquisition
aid is the source of the data on the bus there, and the Coopers Island active acquisition
aid is the source of data on Coopers Island. The receiving antenna is slaved to the
Town Hill bus, and the transmitting antennas and the radars are slaved to the Coopers
Island bus. The conditions now at Town Hill— active acquisition aid tracking the
capsule automatically and the receiving antenna slaved through the acquisition bus to
it— are optimum for the remainder of the capsule pass. They are continued until the

capsule is out of range.

(4). The Verlort radar acquires the capsule. Since it is more accurate,
data from the Verlort is preferred to that from the active acquisition aid; hence
Verlort data is switched onto the Coopers Island acquisition bus. The transmitting
antennas and the FPS-16 remain slaved to the bus. The Coopers Island active

acquisition aid, however, continues independent automatic tracking.

(6). The FPS-16 radar acquires the capsule. Since it is the most accurate
of all the tracking data obtainable, data from the FPS-16 is switched onto the acquisi-
tion bus. The transmitting antennas remain slaved to the bus, and the Verlort radar
and the active acquisition aid continue in independent automatic tracking. These con-
ditions at Coopers Island— both radars and the active acquisition aid tracking auto-
matically, FPS-16 data on the acquisition bus, and the transmitting antennas slaved
to the bus— are the optimum for the remainder of the capsule pass. They are con-

tinued until the capsule goes beyond the range of the FPS-16.

(6). When the capsule goes out of range of the FPS-16, but the Verlort is
still tracking, FPS-16 data is switched off the bus and Verlort data is switched onto
it. The transmitting antennas remain slaved, and the active acquisition aid continues

automatic tracking.

(7). If the Verlort loses automatic tracking before the active acquisition
aid, data from the active acquisitionaidis switched onto the bus. Otherwise, the Ver-
lort continues to track and its data is kept on the acquisition bus until the capsule pass
is complete. In either event, the transmitting antennas remain slaved to the acquisi-
tion bus until all automatic tracking ceases.
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permit the acquisition data console operator to tell where the antenna is relative to
its azimuth limits. The operating mode indications show whether the active acquisi-

tion aid is in its automatic, slaved, or manual mode of operation.

(10). For each of the radars there are three d-c mode indications from the
radar to the acquisition data console, and five indications from the acquisition data
console to the radar. The mode indications from each radar to the console are valid
(automatic) tracking, slaved, and manual. The indications from the console to each
of the radars show which of the five possible sources of data is connected to the
acquisition bus at Coopers Island. These indications are: ADC (manual input at
Coopers Island console), Town Hill, AAA (Coopers Island active acquisition aid),
Verlort, and FPS-16.

(11). Both of the transmitting antennas have two cable wrap and two
operating mode indications going to the acquisition data console. The cable wrap
indications have the same purpose as those from the active acquisition aid, and the
operating mode indications show whether the transmitting antennas are slaved to

data on the acquisition bus or are being manually operated.

(12). One indication goes from the synchro remoting system to the acquisi~
tion data console. It shows whether primary power has been applied to the units of
the synchro remoting system.

(13). Three mode indications come from the Town Hill acquisition data
console to the Coapers Island console. The three indications show whether the active
acquisition aid at Town Hill is tracking automatically (valid track), is slaved to the
acquisition bus, or is being operated manually.

(14). Synchro stator voltages, as shown on figure 4-1, are transmitted from
place to place on the site without voltage transformation. The synchro reference
voltages, however, undergo voltage step-up and step-down transformation in order to
avoid transmitting relatively large currents over considerable distances. These
voltage transformations are shown in simplified form on figure 4-3. Synchro
reference voltage is stepped up to 480 VAC for distribution to the equipment in and
connected to the acquisition system. A transformer in the acquisition data console
steps the 480 VAC back down to 115 VAC for use by the synchros in the console. The
synchro remoting transmitter-receiver at Coopers Island is supplied from this same

transformer. For each of the other units in or connected to the acquisition system at
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Coopers Island a separate transformer steps the 480 volts down to 115 VAC, as shown
on the illustration. (For an explanation of the nature and purpose of synchro reference

and stator voltages, refer to paragraph 4-2.H.)

B. DISCUSSION OF OVERALL SYSTEM - TOWN HILL
As was done in paragraph 4-2. A. for Coopers Island, this paragraph dis-

cusses the acquisition system at Town Hill on a block diagram level. (See figures 4-1
and 4-2.) Paragraph 4-2.C. and subsequent paragraphs discuss individual components

and subsystems of the acquisition system.

(1). At the data source selector azimuth and elevation data from one of
three possible sources is put onto the acquisition bus. The bus goes to the active
acquisition aid, the transmitter portion of the Town Hill synchro remoting transmitter-
receiver, and the receiving antenna. The receiving antenna is normally slaved to the

data on the acquisition bus at all times during a capsule pass.

(2).. Like the automatic tracking devices at Coopers Island, the Town Hill
active acquisition aid does not use data from the acquisition bus when it is tracking
automatically. When it is not tracking automatically it can usually be slaved to the

bus. (It cannot be slaved when it is the source of the data on the bus.)

(3). The data which goes to the synchro remoting system transmitter is
transmitted to Coopers Island for use there at the option of the Coopers Island acquisi-

tion data console operator.

(4). Position and display data are fed to the acquisition data console from
the manual input, the active acquisition aid, the receiving antenna, and Coopers
Island. The manual input is the same as that at Coopers Island: it comprises two
synchro transmitters which are positioned by handwheels; one transmitter and hand-
wheel for azimuth and one for elevation. The output of the transmitters goes to the

data source selector and to synchro displays.

(5). The outputs of the active acquisition aid are azimuth and elevation
position data and azimuth and elevation display data. These outputs come from four
separate synchro transmitters, two for position data and two for display data. The
position data goes to the data source selector, where it can be put onto the acquisition
bus, and the display data goes to synchro receiver displays on the console for

monitoring.
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(6). The only output of the receiving antenna is display data, which is fed
to synchro displays on the acquisition data console. These displays are used for

monitoring the operation of the receiving antenna.

(7). Position data comes through the synchro remoting system from the
acquisition bus at Coopers Island to the data source selector at Town Hill, where it
can be switched onto the Town Hill acquisition bus. The data from Coopers Island is
also fed through a synchro line amplifier on the console where it is displayed for
monitoring.

(8). At Town Hill, d-c indications of equipment operating mode and other
information come from the active acquisition aid and the receiving antenna to the
acquisition data console, and go from the console to the Coopers Island console. As
at Coopers Island, five d-c indications come from the active acquisition aid to the
acquisition data console at Town Hill. (See figure 4-2.) Two of these are cable wrap
indications and three are operating mode indications; refer to paragraph 4-2. A. (9).
for a description of them.

(9). From the receiving antenna to the acquisition data console there are
four indications, two for cable wrap and two for operating mode. These indications
are the same as those from the transmitting antennas to the Coopers Island acquisi-
tion data console (refer to paragraph 4-2. A. (11).).

(10). The mode indications from the Town Hill console to the Coopers
Island console are explained in paragraph 4-2.A. (13).

(11). At Town Hill, synchro reference voltage transformation is not

employed; all portions of the reference circuit are at 115 VAC.

C. COOPERS ISLAND ACQUISITION DATA CONSOLE

(1). DUAL POWER SUPPLY

Switches, indicators, and relays on the acquisition data console are

energized by 28 VDC from the console 28 VDC supply, which physically consists of
the relay chassis, two switches on the acquisition data panel, and the dual power
supply. The dual power supply consists of four chassis (two power supply units and
two filter units) and a front panel. (See figure 7-5.) Primary power, 115 VAC, is
applied through jacks J6201 and J6202 to off-on switch S6201. When switch S6201 is
closed, primary power is applied through fuses F6201 through F6204 to the primaries
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of power transformers T6201 and T6202. The fuses are in indicating-type holders;
when a fuse blows, a neon bulb in parallel with the fuse is lit. A neon, power-on
indicating lamp, DS6201, is across the line going to power supply unit PS6201. Power
supply unit PS6201 and filter unit FL6201 make up power supply number 1; it is a
conventional d-¢ power supply with silicon rectifiers in a bridge configuration and
with an LC filter. Note that there is a fuse, ¥6205, on the d-c side of the power
supply. This fuse is not in an indicating-type holder. Power supply unit PS6202 and
filter unit FL6202 make up power supply number 2, a second d-c power supply which
is identical to the first. The secondaries of power transformers T6201 and T6202
have multiple taps to allow adjustment of the output voltage of the power supplies.
The voltage difference between taps 1 and 2 is 1.5 VAC and is 3 VAC between taps 3
and 4, 4 and 5, and 5 and 6. Thus, by connecting the a-c leads to the rectifier to
different taps on the transformer, the a-c input to the rectifier can be varied over a
range of 10.5 volts, (rms), and the d-c output of the power supply over a range of
approximately 14.5 volts.

(2). POWER SUPPLY CONTROL CIRCUITS
The control circuits for the console power supply are shown on
figure 4-4. Each of the blocks on figure 4-4 labeled "28 VDC POWER SUPPLY"
represents half of the dual power supply discussed in the previous paragraph and

shown on figure 7-5. Switches S6006 and S6007 and the indicator lamps are on
acquisition data panel number 1; the rest of the components of the control circuits
are on the relay chassis which is mounted on the right side of the left rack of the

console.

(a). When switch S6201 on the dual power supply is closed (see
figure 7-5), power is applied to power supply number 1 in the dual
power supply through manually operated pushbutton switch S6006.
The power supply puts 28 VDC on the bus, and relay K6001 is en-
ergized. Power is applied through K6001 contacts 5 and 6 to the coil
of switch S6006, thus holding switch S6006 closed and keeping the
power supply on. With relay K6001 energized, power is applied
through K6001 contacts 1 and 2 to the green indicator lamps, which
indicate that the power supply is on and operating properly. If
power supply number 2 of the dual power supply has not yet been
turned on, power from power supply number 1 through relay K6002
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Figure 4-4. Power Supply Control Circuits, Simplified Schematic Diagram

contacts 2 and 4 lights the red indicator lamps associated with

power supply number 2, indicating that it is not on.

Rectifier

CR6002 prevents current from power supply number 1 from cir-

culating through power supply number 2 and from energizing relay

K6002 when power supply number 2 is not on.

(b).

Note

The indicator lamps associated with power supply
number 1 are in the same physical unit as switch
56006; the lamps associated with power supply
number 2 are in the same physical unit as switch
S6007.

Zener diode CR6003 in series with the coil of relay K6001
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provides a sharp pull-in and drop-out of relay K6001 as the voltage
output of power supply number 1 increases or decreases. This
action prevents the output of power supply number 1 from being
applied to the console 28 VDC bus until it reaches operating value,
and in the case of a malfunction resulting in low voltage, disconnects
the power supply from the bus. When power supply number 1 is
turned on, its voltage output begins to rise. Until the output reaches
18 volts, the resistance of CR6003 is very high, and virtually no
current flows through CR6003 and the coil of K6001. As the power
supply output increases above 18 volts, the resistance of CR6003
decreases, and rapidly increasing current flows through CR6003

and K6001. (The distinguishing characteristic of zener diodes is
that with applied voltages above the diode reference value, 18 volts
in this case, and below the maximum rated value, the resistance of
the diode varies inversely with the applied voltage; current through
the diode varies greatly, but the voltage drop across it remains
practically constant. The action of the diode is thus like that of a
VR tube.) When the supply voltage reaches approximately 22.5
volts, sufficient current flows (4.5 milliamperes) to energize relay
K6001. Since the resistance of the relay coil is 1000 ohms, the

values of voltage and current in the circuit at this point are as

follows:
Total applied voltage . . . . . . . . 22.5VDC
Voltage drop across CR6003 . . . . . 18.0 VDC
Voltage drop across K6001 coil . . . 4.5 vDC
4.5

As the power supply output continues to increase, the voltage drop
across CR6003 remains at approximately 18 volts, the current
through the circuit increases to about 10 milliamperes, and the
voltage drop across the K6001 coil increases to about 10 volts.

(c). If a malfunction develops such that the output voltage of
power supply number 1 begins to drop, relay K6001 will drop out
sharply at an output voltage of about 22.5 volts. This action is due
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to the sharp increase in the resistance of zener diode CR6003 as the
voltage across it drops to 18 volts. (As explained in the previous
paragraph, with an output from the power supply of 22.5 volts, 4.5
volts appear across the coil of relay K6001, and 18 volts across
diode CR6003.) Blocking diode CR6001 prevents current from
power supply number 2 from flowing through diode CR6003 and relay
K6001. When relay K6001 is de-energized, the holding coil circuit
of switch 56006 is opened (by the opening of K6001 contacts 5 and 6),
and primary power is disconnected from power supply number 1.

Note

In the preceding and following discussions the values of
voltage, current and resistance given are for purposes of
explanation. Actual circuit values vary slightly from those
given. For instance, 4.5 milliamperes is the maximum
current (per manufacturer's data) which is required for
pull-in of relays of the type employed in the control
circuit (K6001). The pull-in current for individual relays,
however, varies downward from this value. Also, the
dropout current of any individual relay is of course less
than the pull-in current. Hence, relay K6001 may be ex-
pected to pull in at a total applied voltage somewhat less
than 22.5 VDC and to drop out at a still lower voltage.

(d). The action of the control circuit of power supply number 2 is
identical to that of the control circuit of power supply number 1.

(e). A summary of the action of the power supply control circuits
is as follows:

1. Switch 86006 is manually closed, and primary power is
applied to power supply number 1 (assuming that switch S6201
on the dual power supply has been closed).

2. Power supply number 1 puts 28 VDC on the bus, energiz-
ing relay K6001 and lighting the red indicator lamps in the con-

trol circuit of power supply number 2.
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3. Relay K6001 closes, lighting the green indicator lamp
associated with power supply number 1 and applying power to
the holding coil of switch S6006.

4, Switch S6006 remains closed, and power supply number 1

is in operation.

5. Switch S6007 is closed, and primary power is applied to

power supply number 2.

6. Power supply number 2 puts 28 VDC on the bus, in
parallel with the power from power supply number 1.

7. Relay K6002 is energized, turning off the red indicator

lamps associated with power supply number 2 and lighting the
green indicator lamps. Power is applied through K6002 con-
tacts to the holding coil of switch S6007, holding S6007 in the

on position. Both power supplies are now in operation.

8. Both power supplies are turned off by opening switch
S6201 on the dual power supply.

9. If the voltage output of one of the power supplies drops to
approximately 22.5 volts, the control relay (K6001 or K6002)
associated with the malfunctioning power supply is de-
energized and the primary power to that power supply is re-
moved. Power from the other power supply lights the red
indicator lamps of the malfunctioning supply. The ratings of
the power supplies are such that one of them can supply all

of the power required by the console in the event of the failure
of the other.

SWITCHES AND INDICATORS

(a). A number of switch assemblies and indicator assemblies are
used on the acquisition data panels of the acquisition data console.
An exploded view of the type of switch assembly used is shown in
figure 4-5. The assembly consists of two main detachable sections:

the switch and the operator-indicator unit with coil. The switch
has up to four single-pole, double-throw sections. All of the switch
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Figure 4-5. Switch Assembly, Exploded View

sections are actuated simultaneously by a plunger in the operator-
indicator unit. The operator-indicator unit has two main non-
detachable sections: the coil and the indicator. When energized,
the coil holds the plunger in its actuated position. The indicator has
four lamp sockets, lamps, color filters, and a three-piece display
screen. The lamps are white, so the colored lighting of the
indicator is obtained by the use of filters which fit over the lamps.
The display screen snaps into the end of the indicator plunger when
the indicator is assembled, so that the plunger is moved and the

switch actuated by depressing the display screen.

(b). The indicator assemblies used on the console are like the
operator-indicator unit shown on figure 4-5, except that the indicator
assemblies have no coil and no plunger.
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CIRCUIT DESCRIPTION (Figure 7-1)
This paragraph gives a detailed description of the circuits of the

acquisition data console except for the power supply, which is described in a

previous paragraph, and the synchro line amplifiers, which are covered in para-

graph 4-2.F.

4-22

(a). D-C INDICATIONS

The operating modes of the active acquisition aid, the radars, the

transmitting antennas, and Town Hill (actually, the active acquisition
aid there) are indicated by lamps on the Coopers Island acquisition
data console. Some of these lamps are supplied with 28 VDC from
the console power supply, with ground supplied through switches in
external equipment; others are connected to ground in the console,
and 28 VDC is supplied through switches in external equipment. For
instance, when the active acquisition aid is tracking automatically,
the active acquisition aid operator closes a switch which connects 28
VDC to terminal 1 of terminal board TB6008 in the console, thus
lighting active acquisition "AUTO" indicators DS6001 and DS6002.

Other operating mode indicators on the console are as follows:

1. Manual tracking by the active acquisition aid is indicated
by the lighting of active acquisition aid "MANUAL" indicators
DS6005 and DS6006, and the slaved mode is shown by
"SLAVED" indicators DS6003 and DS6004. One side of the
"MANUAL" indicators is connected to 28 VDC in the console,
and ground is connected to the other side through the '"MAN -
UAL" switch in the active acquisition aid and terminal 3 of con-
sole terminal board TB6008. One side of the "SLAVED"
indicators is connected to console ground, and 28 VDC is
applied to the other side through the "SLAVED'" switch in the

active acquisition aid and terminal 2 of TB6008 on the console.

2. The active acquisition aid antenna can rotate 540 degrees
in azimuth from its clockwise to its counterclockwise limit.
Since it can rotate more than 360 degrees, there are azimuths
at which the synchro display alone is ambiguous; i.e., the
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synchro display shows the azimuth of the antenna, but does
not show whether it is on its first or second time around.
Since the antenna cannot rotate continuously, it is necessary
to know where it is relative to its limits of rotation so that the
operator can position it for maximum freedom of rotation in
either direction and can avoid driving it into its limit stops.
The ambiguity of the synchro display is resolved by the use of
"CABLE WRAP" indicator lamps DS6059 and DS6060 which are
lit by the closing of a switch on the antenna pedestal. This
switch is so located that it is actuated when the antenna passes
the mid-point between its azimuth limits. The DS6059 circuit
is closed by the switch and the DS6060 circuit is opened when
the antenna is rotating clockwise (looking at it from above);
the DS6060 circuit is closed and the DS6059 circuit opened
when the antenna is rotating counterclockwise. At installation
the antenna is so oriented that the countérclockwise limit is
reached at zero degrees (relative to north) and the clockwise
limit at 180 degrees. (See figure 4-6.) With this orientation,
the cable wrap indicator switching occurs at 270 degrees.
Figure 4-7 illustrates how the cable wrap indicator lamps and
the antenna azimuth display synchro together show the acquisi-
tion data console operator where the antenna is relative to its
limits of rotation. When the upper cable wrap indicator is lit
[figures 4-7(a) and 4-7(B)], the antenna has been turned past
270 degrees azimuth in a clockwise direction, and if it con-
tinues in a clockwise direction, the limit of rotation will be
reached at 180 degrees azimuth. When the lower indicator is
lit {figures 4-7(C) and 4-7(D)], the antenna has been turned
past 270 degrees in a counterclockwise direction, and con-
tinuing in a counterclockwise direction the limit will be reach-
ed at zero degrees. Thus, as long as the synchro pointer is on
the half of the dial (upper or lower) which is the nearer to the
lighted indicator [ figures 4-7.(A) and 4-7(C)], there is no
limit problem and the antenna can safely be turned in either
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Figure 4-6, Diagram of Antenna Cable Wrap Limits

direction; when the synchro pointer is on the half of the dial
opposite the lighted indicator [ figures 4-7(B) and 4-7(D)], the
antenna is near one of its limits of rotation and care must be

exercised not to drive it into the limit stop.

3. The circuits in the active acquisition aid which provide d-c
indications to the acquisition data console are shown in partial
form on figure 7-23. The mode of operation of the active
acquisition aid is determined by the condition (energized or not
energized) of a number of mode control relays. When none of
these relays is energized, the active acquisition aid is in the
manual mode. One group is energized for automatic operation,
and another group is energized for slaved operation. The
manual mode indicators in the acquisition data console are
grounded through normally closed contacts (3 and 2) of relays
K1152 and K1151 in the active acquisition aid servo cabinet

field and relay power supply. Relay K1152 is energized for
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Figure 4-7. Synchro and Lamp Indications of Antenna Bearing Relative to
Cable Wrap Limits )

automatic operation, and relay K1151 is energized for slaved
operation. Hence, for either operating mode of the active
acquisition aid other than manual, ground is removed from the
manual indicators on the acquisition data console, and the

indicators are extinguished.

4. For automatic operation of the active acquisition aid,
"AUTO" switch S67607 on the control console switch panel
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assembly is closed, thus connecting 28 VDC from the field

and relay power supply to mode control relay K1152. In
addition to connecting 28 VDC to K1152, the closing of S67607
connects 28 VDC to the "AUTO" mode indicators in the acquisi-
tion data console, thus lighting these indicators. (Switch
S67607 is a momentary type. After initial application of 28
VDC through S67607, relay K1152 is kept in the energized
position by a holding circuit, not shown on figure 7 -23.)

5. For slaved operation of the active acquisition aid,
"SLAVED" switch S67608 on the switch panel assembly is
momentarily closed. Providing that the slaving interlocks on
the acquisition data console are closed [the operation of these
interlocks is described in paragraph 4-2.C.(4).(c)], this ac-
tion connects 28 VDC to relay K1151 (and other mode control
relays, as shown on figure 7-23), thus energizing it and com~
pleting its holding circuit. The 28 VDC on the coil of K1151
is applied in parallel to the "SLAVED'" mode indicators on the
acquisition data console, thus lighting them.

6. The active acquisition aid cable wrap indicators on the
acquisition data console are operated in parallel with the
indicators on the active acquisition aid control console. The

complete circuit is shown on figure 7-23.

7. The d-c indications from Town Hill are controlled by re-
lays in the Coopers Island acquisition data console, which, in
turn, are controlled by the mode switches in the Town Hill
active acquisition aid. When the Town Hill active acquisition
aid "MANUAL" switch is closed, ground is applied to the coil
of relay K6009, energizing this relay and applying 28 VDC
through contacts 1 and 2 to Town Hill "MANUAL" indicators
DS6035 and DS6036. Town Hill "SLAVED'" indicators DS6033
and DS6034 are lit by the closing of relay K6008, which is
energized by the application of 28 VDC through the Town Hill

active acquisition aid "SLAVED" switch. In the same manner,
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Town Hill "VALID TRACK" indicators DS6029 and DS6030 are
lit by the closing of K6007, which is energized by the applica-
tion of 28 VDC through the Town Hill active acquisition aid
"AUTO" switch. The circuit connections for these indications
between the Town Hill and Coopers Island consoles are shown
on figure 7-21. Note that the active acquisition aid mode
indicators in the Town Hill console are connected in parallel

with the indicator circuit relays in the Coopers Island console.

8. The operating mode of the Verlort radar is indicated by
"VALID TRACK" indicators DS6009 and DS6010, "SLAVED"
indicators DS6013 and DS6014, and "MANUAL" indicators
DS6015 and DS6016. (See figures 7-1, 7-21 and 7-22.) One
side of the "SLAVED'" and "MANUAL" indicators is grounded
in the console, and they are lit when 28 VDC is applied through
mode switching relays in the radar. The Verlort "VALID
TRACK" indicators are connected to the console 28 VDC
supply through the C sections of power supply switches S6006
and S6007. The indicators are lit when ground is applied to
them through the radar mode switch. This arrangement is
necessary for proper operation of data processing equipment
which is connected in parallel with the console "VALID
TRACK" indicator, but does not affect operation of the console
indicator. Verlort valid track indicaters in the radar data
selector (part of the site radar data processing equipment)

are connected in parallel with the console "VALID TRACK"
indicator, as shown on figures 7-1 and 7-22. Hence, a
Verlort valid track indication appears in the radar data

selector at the same time that it appears in the console.

9. The "VALID TRACK" indication from the FPS-16 is
supplied to the radar data selector as well as to the acquisition
data console. (See figures 7-1, 7-21 and 7-22.) The three
operating mode indicators connected to FPS-16 radar are
"VALID TRACK" (DS6019, DS6020), "SLAVED'" (DS6023,
DS6024), and ""MANUAL'" (DS6025, DS6026). They are
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operated in the same manner as the corresponding indicators
associated with the Verlort radar.

10. The operating mode of transmitting antenna number 2 is
indicated by "SLAVED'" indicators DS6043 and DS6044 and
"MANUAL" indicators DS6045 and DS6046. Twenty-eight
volts d-c is applied to one or the other of these indicators by
the transmitting antenna mode (""LOCAL-REMOTE") switches
(on the transmitting antenna servo cabinet) through terminal
board TB6018, Terminals 1 and 2,

11. The two channels, azimuth and elevation, of the trans-
mitting antenna number 2 drive system are independent of one
another to the extent that either channel can be operated in the
slaved or manual mode while the other channel is operated in
the other mode. The "LOCAL-REMOTE" (mode) switches of
the antenna are connected to the operating mode indicators on
the acquisition data console in such a manner that only when
both channels of the antenna drive system are slaved to the
acquisition bus is a "SLAVED" indication given on the acquisi-
tion data console. If either channel of the antenna drive
system is being operated manually, a "MANUAL" indication
appears on the acquisition data console. The circuit connec-
tions which result in these indications are shown in simplified

form on figure 4-8.
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From the illustration it can be seen that when both the azimuth
and elevation "LOCAL-REMOTE" switches are in the
"REMOTE" (slaved) position, 28 VDC is applied to ""SLAVED"
indicator on the acquisition data console; when either
"LOCAL-REMOTE" switch is in the "LOCAL'" (manual)
position, 28 VDC is applied to the "MANUAL" indicator on the
console. The complete transmitting antenna number 2 mode

indicating circuit is shown on figure 7-~21.

12, The transmitting antenna number 2 "CABLE WRAP"
indicators on the acquisition data console perform the same
function as the active acquisition aid cable wrap indicators,
previously described. However, the circuitry of the trans-
mitting antenna indicators is somewhat different. As shown on
figure 7-21, 28 VDC in the acquisition data console is connect-
ed to the arm of auxiliary cable wrap switch S204 on the trans-
mitting antenna pedestal. When the transmitting antenna
passes the mid-point of its azimuth travel going in a clock-
wise direction, cable wrap switch S204 connects 28 VDC to
north cable wrap indicator DS6063. When the transmitting
antenna passes its azimuth-travel mid-point in the counter-
clockwise direction, switch S204 connects 28 VDC to south
cable wrap indicator DS6064. In contrast to the active acquisi-
tion aid cable wrap indicator circuit, the circuit which pro-
vides transmitting antenna cable wrap indications to the
acquisition data console is electrically independent of the

cable wrap indication circuit on the antenna servo rack.

13. The operating mode and cable wrap indicators associated
with transmitting antenna number 1 operate in the same
manner as the corresponding indicators associated with
transmitting antenna number 2. The transmitting antenna
number 1 indicators are "CABLE WRAP" (DS6061, DS6062),
" SLAVED" (DS6039, DS6040), and "MANUAL'" (DS6041,
DS6042). See figures 7-1 and 7-21.
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14. "DATA LINK POWER" indicators DS6065 and DS6066
are connected to the Coopers Island transmitter-receiver of

the synchro remoting system in such a manner that they are

lit when primary power is applied to the transmitter-receiver.
The circuit of these indicators is shown on figures 7-1 and
7-21. One section of two-pole circuit breaker CB1-CB2 on

the transmitter-receiver power supply is in series with the
"DATA LINK POWER" indicators on the console. When the
circuit breaker is closed to apply 115 VAC to the transmitter-
receiver, 28 VDC from the console is applied to the indicators.
Since the other side of the indicators is connected to ground,

they are then lit.
Note

For a description of the operation of the
acquisition bus source indicators in the
Verlort and FPS-16 radars, refer to

paragraph 4-2.C. (4). (c).

(b). SYNCHRO CIRCUITS (Figures 7-1 and 7-9 through 7-16)
There are seven pairs of synchro receivers and one pair of synchro

transmitters on the acquisition data console. (For a description of
the principles of operation of synchros, refer to paragraph 4-2.H.)
One of each pair handles azimuth data and the other elevation data.

1. Azimuth and elevation display data from the Coopers
Island active acquisition aid comes into the acquisition data
console by way of terminal board TB6005. From there it
goes to synchro receivers B6001 (azimuth) and B6002
(elevation), where it is displayed. Active acquisition aid
position data comes into terminal board TB6002 and thence
to the contacts of relay K6004, where it is available for
switching onto the acquisition bus. As shown on figure 7-9,
the position data from the active acquisition aid comes from
synchro (control) transmitters B205 and B305 .in the active
acquisition aid pedestal. The display data comes from
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synchro transmitters B202 and B302. In addition to going to
the acquisition data console, the data from B202 and B302
goes to the active acquisition aid control console, where it is

displayed by synchro receivers B1201 and B1202.

2.  Azimuth and elevation display data from the Verlort radar
comes into the acquisition data console on terminal board
TB6006. From there it is routed through TB6027, the con-
tacts of relay K6010 and TB6028, to synchro receivers B6003
(azimuth) and B6004 (elevation), where it is displayed. The
purpose of relay K6010 is to protect the display receivers
(B6003 and B6004) in the acquisition data console and the dis-
play data transmitters in the Verlort radar in the event that
synchro reference voltage is not applied to the synchros in the
console, but is applied to the synchros in the radar. (With
reference voltage applied to one of two synchros connected to-
gether but not applied to the other, excessive stator currents
flow and both of the synchros are likely to be damaged.) Relay
K6010 is energized by console synchro reference voltage; thus,
when synchro reference voltage is not applied to the console,
K6010 is de-energized and the stator circuits of B6003 and
B6004 are disconnected from the radar. Position data from
the Verlort radar does not come into the acquisition data
console for switching, but is put onto the acquisition bus at

the radar by actuation of the Verlort radar control relay.

3. The synchro circuit connections between the Verlort radar
and the acquisition data console are shown on figure 7-11.
Display data from synchro transmitters on the radar antenna
pedestal comes through terminal boards TB34723 and

TB34721 in the radar junction box and jack J11 in the external
connector panel. Position data comes through J32 on the ex-
ternal connector panel, through the radar control relay when

it is energized, and through J11 on the external connector
panel. (For a complete description of the operation of the
Verlort radar control relay, refer to paragraph 4-2.C. (4). (d).)
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Slaving data on the acquisition bus is connected to the Verlort
radar through jack J11 in the external connector panel, the
normally closed contacts of the radar control relay, and through
synchro line amplifier number 3 to terminal board TB34749

in the radar junction box.

4. Display data from the FPS-16 radar comes into the console
on terminal board TB6007. It goes through TB6029, the con-
tacts of relay K6011, TB6030 and to synchro receivers B6005
(azimuth) and B6006 (elevation), where it is displayed. Like
K6010, described previously, K6011 is a protective relay.

5. The synchro circuit connections between the FPS-16 and
the acquisition data console are shown on figure 7-13. Display
data from synchro transmitters on the FPS-16 antenna pedestal
comes from terminal boards TB18026 and TB18027 in the radar
data junction box to the acquisition data console. Position data
from the radar comes from terminal boards TB18023 and
TB18024 in the data junction box to the console.

6. Azimuth and elevation position data from the acquisition bus
at Town Hill comes into terminal board TB6014 on the Coopers
Island console. From there it goes to the contacts of relay
K6003, where it can be switched onto the acquisition bus, and to
synchro line amplifier number 2. From synchro line amplifier
number 2 the data goes to synchro receiver B6007 for azimuth
display and B6008 for elevation display. The purpose of the
synchro line amplifier is to isolate the displays from the
acquisition bus and to reduce to loading on the synchro
synthesizer in the synchro remoting system. The synchro
circuit connections between Coopers Island and Town Hill are
shown on figure 7-16. The synchro data from Town Hill to
Coopers Island is either display data from the Town Hill active
acquisition aid or it is the Town Hill acquisition bus data, de-
pending on the source of the data connected to the bus at Town

Hill. When the manual input or the active acquisition aid is
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connected to the bus at Town Hill, the data on the bus there is
transmitted through the synchro remoting system to Coopers
Island. When Coopers Island data is connected to the bus at
Town Hill, display data from the Town Hill active acquisition
aid is transmitted through the synchro remoting system to
Coopers Island. Whatever the source of the data that is trans-
mitted from Town Hill to Coopers Island, it is connected to the
transmitter portion of the Town Hill synchro remoting trans -
mitter-receiver unit. In the synchro remoting transmitter-re-
ceiver, the data is converted from synchro to digital form and
transmitted to Coopers Island. In the receiver portion of the
Coopers Island transmitter-receiver unit the data is converted
back to synchro form by the synchro synthesizers. These
synthesizers are not true synchro devices; they are fixed
transformers with multiple-tap windings. Various combina-
tions of the windings are connected by relay contacts to
provide incremental voltages which are the close equivalent
of the true synchro voltages which are connected to the input
to the system at Town Hill. (Refer to paragraph 4-2.G.)
The synthesized synchro signals which are developed at
Coopers Island are connected to terminal board TB6014 of
the Coopers Island acquisition data console. In the same
manner, the acquisition bus data from the Coopers Island
acquisition data console is transmitted through the synchro
remoting system to Town Hill. (See figure 7-12.) At
Town Hill, data from Coopers Island coming out of the
synchro remoting system is connected to TB6002 on the ac-
quisition data console.

7. Data from transmitting antenna number 1 comes into the
console through terminal board TB6021 to receivers B6009
(for azimuth display) and B6010 (for elevation display). As
shown on figure 7-14, this data originates at synchro display
transmitters B202 (azimuth) and B302 (elevation) on the
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transmitting antenna pedestal. Acquisition bus data going from
the Coopers Island console to transmitting antenna number 1 is
connected to the azimuth and elevation "LOCAL-REMOTE"
switches, S102 and S101. When the "LOCAL-REMOTE"
switches are in the remote position, the data from the acquisi-
tion bus is connected to control transformers B203 and B303

for slaving the antenna.

8. Data from transmitting antenna number 2 comes into the
console on terminal board TB6023. It goes from there to
receivers B6011 (for azimuth display) and B6012 (for elevation
display). The internal synchro circuits of transmitting antenna
number 2 are identical to those of transmitting antenna number
1. For a description of how these are connected to the
acquisition data console, refer to the previous paragraph and

see figure 7-14.

9. The manual input to the acquisition bus at Coopers Island
is made by means of synchro transmitters B6015 and B6016—
B6015 for elevation and B6016 for azimuth data. The output of
these synchro transmitters is available at relay K6006 for
switching onto the acquisition bus and is also wired directly to
manual display synchro receivers B6014 (elevation and B6013
(azimuth). Note that the S1-S3 connections from the manual
synchro transmitters to the manual display receivers and to the
acquisition bus are reversed. This reversed condition is
necessary to obtain the proper output from the manual synchro
transmitters because of a direction reversal that occurs in the
gearing between the transmitter handwheels and the transmit-
ters. To set data into the manual synchro transmitters, the
console operator turns the transmitter handwheels and observes
the manual receiver displays. There is no dial on the hand-

wheels or the transmitters themselves to indicate their position.

10. Reference voltage for all of the synchros on the console is
supplied from transformer T6001. Note that the synchro
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reference voltage circuit is separate from the 115 VAC which
provides primary power for the console 28 VDC power supply

and the synchro line amplifiers in the console.

(c). DATA SWITCHING (Figure 7-1)
The switching of data onto the acquisition bus from one of the five

sources available (manual input, active acquisition aid, Verlort radar,
FPS-16 radar, and Town Hill) is controlled by switches S6001 through
S6005. These switches (and switches S6006 and S6007 associated with
the 28 VDC power supply) are switch assemblies of the type described
in paragraph 4-2.C. (3). and illustrated in figure 4-5.

1. Switch S6001 is the active acquisition aid ""SOURCE"
switch. When the plunger of S6001 is depressed, 28 VDC from
the console d-c bus is applied through the common contact of
section S6001D to the switch holding coil and through section C
to indicator lamps DS6007 and DS6008. The lamps are lit, and
the holding coil, which is grounded through the common and
normally-closed contacts of S6002B, S6003C, S6004B, and
S6005B, is energized. The action of the coil holds the plunger
of S6001 in its depressed position. The common and normally-
closed contacts of section S6001D are in series with the 28 VDC
supply to the other source switches; thus, when the plunger of
S6001 is depressed, the 28 VDC supply to S6002 through S6005
is interrupted, and whichever (if any) of them had previously
been energized is de-energized. With switch S6001 closed
(plunger depressed), 28 VDC is supplied through the common
and normally-open contacts of section S6001C to the coil of re-
lay K6004, energizing this relay and connecting position data

from the active acquisition aid to the acquisition bus.

2. Also with S6001 closed, 28 VDC is supplied through the
common and normally-open contacts of section S6001C to
terminal 6 of terminal board TB6009. This terminal is con~
nected to the acquisition bus "AAA" (active acquisition aid)
source indicator in the radars. (See figure 7-22.) Thus, when
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S6001 is closed, there is an indication in the radars that data

from the active acquisition aid is on the acquisition bus.

3. The common and normally closed contacts of sections A and
B of S6001 are in series with portions of the mode control
circuits in the active acquisition aid. When S6001 is actuated,
the active acquisition aid cannot be slaved to the data on the
acquisition bus. This arrangement prevents the active acquisi-
tion aid from being slaved to data for which it is the source.

The pertinent portions of the active acquisition aid mode control
circuits are shown on figure 7-23. For the active acquisition
aid to be slaved to the acquisition bus, switch S67608 on the con-
trol console switch panel assembly is momentarily depressed.

If the interlocks on the acquisition data console are closed
(switch S6001 not actuated), the depressing of S67608 applies

28 VDC from the field and relay power supply in the servo
cabinet through TB87504-2 to the coils of relay K1151 and the
azimuth and elevation mode control relays shown on figure 7-23.
The energizing of these relays puts the active acquisition aid
into the slaved mode of operation. Since switch S67608 is a
momentary type, a holding circuit is required to keep K1151 and
the mode control relays energized after S67608 is released. In
the holding circuit, 28 VDC is supplied to the coils of the relays
from TB87504-7 through normally closed contacts of S67606,

the interlock on the acquisition data console (S6001A), normally
closed contacts of S67607, and normally open contacts 7 and 5
of K1151. Hence, when switch S6001 on the acquisition data
console is actuated, the normally closed contacts of section B
prevent the active acquisition aid from being switched into the
slaved mode, and the normally closed contacts of section A of
S6001 prevent the active acquisition aid from staying in the
slaved mode even if it was already in that mode when S6001 was
actuated.

4, Switch S6002 is the Verlort radar '""SOURCE" switch. When
the plunger of this switch is depressed, the common and
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normally closed contacts of section B are opened, thus breaking
the circuit of the holding coil of switch S6001. If switch S6001
had previously been energized, it is now de-energized, and 28
VDC is applied through the common to the normally open con-
tacts of sections D and C of S6002. The 28 VDC through section
D is applied to the holding coil of S6002, and the 28 VDC through
section C is applied to indicator lamps DS6017 and DS6018,
which then light. The coil of S6002 is grounded through S6003C,
S6004B and S6005B; when energized it holds the plunger of
S6002 in the actuated position. When S6002 is closed, 28 VDC
through the common and normally open contact of section C is
also applied through TB6010-6 to the coil of the Verlort radar
control relay (in the radar) and to the acquisition bus source
indicators in the Verlort and FPS-16. The Verlort radar con-
trol relay is energized, putting data from the radar onto the
acquisition bus, and the acquisition bus source indicators in

the radars are lit, identifying the source of the data on the bus.
(See figures 7-11 and 7-22.) The common and normally closed
contacts of S6002D are in series with the 28 VDC supply to
switches S6003, S6004, and S6005; hence, when S6002 is
actuated, the 28 VDC supply to switches S6003, S6004, and
S6005 is interrupted, and if any of them had been energized,

it is now de-energized. The common and normally closed
contacts of section A of S6002 are in series with the slaving
control circuits in the Verlort. When S6002 is actuated, the
Verlort cannot be slaved to the acquisition bus. (The radar con-
trol relay in the Verlort duplicates this interlocking function.

It is wired in such a manner that it inherently prevents the
Verlort from being slaved to its own synchro output. Refer to
paragraph 4-2.C. (4).(d).)

5. Switch S6003 is the FPS-16 radar "SOURCE" switch. When
the plunger of this switch is depressed, the common and
normally closed contacts of section C are opened, thus break-
ing the circuit of the holding coils of switches S6001 and S6002,
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If either of these switches had been energized, it is now de-
energized, and 28 VDC is applied through the common to the
normally open contact of section D of S6003. This 28 VDC is
then applied to the holding coil of S6003 and to indicator lamps
DS6027 and DS6028. These indicator lamps and the coil of
S6003 are grounded through the normally open and common
contacts of S6003C. Hence, the lamps are lit and the coil is
energized. When energized, the coil holds the plunger of
S6003 in the actuated position. The 28 VDC on the normally
open contact of section D, in addition to being applied to the
indicator lamps and switch coil, is applied to the coil of relay
K6005, energizing this relay and putting position data from the
FPS-16 on the acquisition bus. It is also applied to the acquisi-
tion bus source indicators in the Verlort and FPS-16 radars.
(See figure 7-22.) The common and normally closed contacts
of S6003D are in series with the 28 VDC supply to switches
S6004 and S6005, so that when S6003 is actuated, the 28 VDC
supply to S6004 and S6005 is interrupted, and if either of these
switches had been energized, it is now de-energized. The
common and normally open contacts of S6003 sections A and B
are connected to slaving control circuits in the FPS-16 radar
in such a manner that when S6003 is actuated, the FPS-16
cannot be slaved to the acquisition bus. Thus, the FPS-16 is
prevented from being slaved to the output of its own synchros.
The connections of this interlock circuit between the acquisition

data console and the FPS-16 are shown on figure 7-25.

6. Switch S6004 is the Town Hill "SOURCE" switch. When the
plunger is depressed, the common and normally closed contacts
of section B are opened, thus breaking the circuit of the holding
coils of S6001 through S6003. Any of these switches which had
been energized is now de-energized, and 28 VDC is applied
through the common to the normally open contacts of S6004D
and S6004C. The 28 VDC through the D section is applied to
the holding coil of S6004, and the 28 VDC through the C section
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is applied to indicator lamps DS6037 and DS6038, which then
light. The coil of S6004 is grounded through S6005B; when
energized it holds the S6004 plunger in the actuated position.
When S6004 is closed, 28 VDC through the common and
normally open contacts of section C is also applied to the coil
of relay K6003, energizing this relay and connecting synchro
data from Town Hill to the Coopers Island acquisition bus.

This same 28 VDC (through S6004C) is applied to the acquisition
bus source indicators in the Verlort and FPS-16. (See figure
7-22.) The common and normally closed contacts of S6004D
are in series with the 28 VDC supply to S6005; consequently,
when 86004 is actuated, the 28 VDC supply to S6005 is inter-
rupted, and if S6005 had been energized, it is now de-energized.

7. Switch 56005 is the manual "SOURCE" switch. Section B
of this switch is in series with the holding coils of switches
S6001 through S6004. When S6005 is actuated (plunger de-
pressed), the holding coil circuits of S6001 through S6004 are
opened, de-energizing whichever (if any) of these switches had
been energized. Twenty-eight volts d-c is applied through the
normally open contacts of S6005D and S6005C to the holding coil
of the switch and to indicator lamps DS6047 and DS6048. The
lamps are lit, and the coil is energized, holding the switch
plunger in the actuated position. The 28 VDC on the normally
open contact of S6005C also is applied to the coil of relay K6006
and terminal 8 of TB6022. Relay K6006 is energized and manual
input data is connected to the acquisition bus. The 28 VDC on
TB6022-8 is applied to the "MANUAL'" source indicators in the
radars; when S6005 is closed, there is an indication in the
radars that data from the acquisition data console manual input
is on the acquisition bus. The interconnecting circuits for this
manual indication between the Coopers Island acquisition data
console and the Verlort and FPS-16 radars are shown on

figure 7-22.
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8. "NO DATA ON BUS" indicators DS6049 and DS6050 are
supplied with 28 VDC power in series with the common and
normally closed contacts of the D sections of switches 56001,
S6002, S6003, S6004, and S6005. The indicator lamps are lit
as long as the console 28 VDC power supply is on and none of
the five source switches has been actuated; when any one of the
switches, S6001 through S6005, is actuated, the '"NO DATA ON
BUS" indicator lamps are out.

9. As described in the preceding paragraphs, switches S6001
through S6005 are electrically interlocked; when any one of
them is actuated by depressing the plunger, d-c power to the
coils of all the others is interrupted. If two or more are
actuated at the same time (which should never happen), they
open each other's circuits; neither holding coil is energized,
and only the one electrically nearer the 28 VDC supply connects
data to the bus. For example, if S6001 and S6005 both happened
to be depressed at the same time, the flepressing of 86005
would have no effect since the 28 VDC to it would be interrupted
by the depressing of S6001. Since 28 VDC would be applied to
$6001, relay K6004 would be energized and data from the active
acquisition aid would be put on the acquisition bus. However,
the holding coil circuit of S6001 would be opened by the de-
pressing of $6005, and S6001 would not remain depressed when

it was released.

10. When the dual power supply on the console is first turned
on, none of the ""SOURCE' switches is actuated. After any one
of them has been actuated, or turned on, they all can be de-~
energized, or turned off, only by turning off the dual power
supply with switch S6201 (on the front of the dual power supply
panel).

(d). RADAR CONTROL RELAY
The manner in which the radar control relay connects the Verlort

radar to the acquisition bus is shown in simplified form on figure
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4-9. When the relay is not energized, data on the acquisition bus is
connected through the common and normally-closed contacts of the
relay to synchro line amplifier number 3 and thence to the slaving
input circuits (remote data input) of the Verlort. Thus, with the
relay unenergized, the Verlort may, at the option of the Verlort

operator, be slaved to the acquisition bus.
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Figure 4-9. Radar Control Relay Circuit, Simplified Schematic
Diagram

The radar control relay is energized by the application of 28 VDC
from switch S6002 on the Coopers Island acquisition data console.
This switch is shown in simplified form on figure 4-9 as part of the
data source selector. When the relay is energized, the input to the
radar is disconnected, and the position data output of the radar is
connected to the bus. The radar control relay is mounted on the
master-slave relay panel in the Verlort van. A complete schematic

of the relay panel and the connecting circuits is shown on figure 7-11.
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(as is indicated on figure 7-11, the 28 VDC which energizes the radar

control relay also is applied to the acquisition bus Verlort source
indicator in the Verlort. Refer to paragraph 4-2.C. (4).(c).4.)

D. TOWN HILL ACQUISITION DATA CONSOLE

(1). DUAL POWER SUPPLY, SWITCHES, AND INDICATORS

The dual power supply in the Town Hill acquisition data console is

identical to the power supply in the Coopers Island console, described in paragraph
4-2.C.(1). The power supply control circuits in the Town Hill console are the same
as those at Coopers Island, described in paragraph 4-2.C.(2). except for some
reference designations. (Compare these circuits on figures 7-1 and 7-3.) All of the
switches and indicators on the Town Hill console are of the types described in para-
graph 4-2.C. (3).

(2). CIRCUIT DESCRIPTION (Figure 7-3)

(a). D-C INDICATIONS
The operating modes of the Town Hill active acquisition aid and the

receiving antenna are indicated by lamps on the acquisition data con-

sole. In general, the circuitry of these indicators is similar to that

in the Coopers Island console.

1. The operating mode of the active acquisition aid is shown by
"MANUAL" indicators DS6009 and DS6010, ""SLAVED" indica-
tors DS6007 and DS6008, and "AUTO" indicators DS6005 and
DS6006. One side of the manual indicators is connected to 28
VDC in the console, and the other side is grounded through the
"MANUAL" mode switch in the active acquisition aid. The
"SLAVED'" and ""AUTO" indicators are grounded in the console,
and are lit by 28 VDC supplied through the corresponding mode
switches in the active acquisition aid. The "TOWN HILL"
indicators in the Coopers Island acquisition data console are
connected in parallel with the active acquisition aid indicators
in the Town Hill console. Thus, indications from the Town
Hill active acquisition aid appear on the Coopers Island console
at the same time that they appear on the Town Hill console.
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2. The circuits in the Town Hill active acquisition aid
which produce the d-c indications on the acquisition data con-
sole are the same as the circuits in the Coopers Island active
acquisition aid. Refer to paragraph 4-2. C. (4). (a). and
compare figures 7-27 and 7-23.

3. The active acquisition aid "CABLE WRAP" indicators are
DS6001 and DS6002. These indicators are operated in the same
manner as the cable wrap indicators associated with the
Coopers Island active acquisition aid, described in paragraph
4-2,C.(4).(a). Compare figures 7-27 and 7-23.

4. The d-c indications from the receiving antenna are
"MANUAL" (DS6013, DS6014), "SLAVED" (DS6011, DS6012),
and "CABLE WRAP" (DS6003, DS6004). These indications
operate in the same manner as the indications in the Coopers
Island console from transmitting antenna number 2, described
in paragraph 4-2.C.(4).(a). Compare figures 7-26 and 7-21.

5. The "DATA LINK POWER?" indicators on the Town Hill
acquisition data console are connected to the Town Hill trans-
mitter-receiver unit of the synchro remoting system. They are
operated in the same manner as the "DATA LINK POWER"
indicators on the Coopers Island console, described in para-

graph 4-2.C.(4).(a). Compare figures 7-26 and 7-21.

(b). SYNCHRO CIRCUITS
There are four pairs of synchro receivers and one pair of synchro

transmitters on the Town Hill console. (Refer to paragraph 4-2.H.
for a description of the principles of operation of synchros.) As at
Coopers Island, one of each pair handles azimuth data and one handles

elevation data.

1.  Azimuth and elevation position data from Coopers Island
fhrough the synchro remoting system comes into the console on
terminal board TB6002. From there it goes to relay K6003,
where it can be switched onto the acquisition bus. It also goes

from the terminal board through the synchro line amplifier to
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synchro receivers B6005 and B6006, where it is displayed.
(Azimuth data on B6005 and elevation data on B6006.) The
synchro circuit connections between Coopers Island and Town
Hill, described in paragraph 4-2.C. (4). (b)., are shown on
figure 7-16.

2. Position data from the active acquisition aid comes in on
terminal board TB6003 and then goes to relay K6004 which,
when energized, switches this data onto the acquisition bus.
Display data from the active acquisition aid comes in on
terminal board TB6007 to azimuth receiver B6001 and elevation
receiver B6002. From TB6007 it is also connected to relay
K6006. When K6006 is unenergized it simply connects data on
the Town Hill bus to the synchro remoting system for trans-
mission to Coopers Island. When K6006 is energized (it is
energized whenever Coopers Island data has been switched onto
the Town Hill bus) it connects display data from the active
acquisition aid to the synchro remoting system for transmission
to Coopers Island. The synchro stator circuit connections
betwen the Town Hill active acquisition aid and acquisition data

console are shown on figure 7-17.

3. Display data from the receiving antenna is connected
through terminal board TB6008 to receivers B6003 for azimuth
display and B6004 for elevation display. See figures 7-3 and
7-19. The internal synchro circuits of the receiving antenna
are identical to those of the transmitting antennas at Coopers

Island, described in paragraph 4-2.C. (4).(b).

4. The manual input to the Town Hill acquisition bus is made
with azimuth synchro transmitter B6009 and elevation synchro
transmitter B6010. The output of these synchro transmitters
is available at relay K6005 which, when energized, connects
the manual input to the bus. The outputs of the synchro trans-
mitters are connected directly to synchro receivers B6007
(azimuth) and B6008 (elevation). As at Coopers Island, the
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S1-S3 connections between the transmitters and the receivers
and the acquisition bus are reversed to correct for a direction
reversal that occurs in the gearing between the transmitter

handwheels and the transmitters themselves.

5. Reference voltage (115 VAC) for the synchros in the Town
Hill console is taken from the same source as the primary
power for the console power supply and the synchro line
amplifier. It does not undergo step-up and step-down trans-

formations as at Coopers Island.

DATA SWITCHING

The switching of data onto the acquisition bus from one of the three

available sources (active acquisition aid, manual input, and Coopers
Island) is controlled by switches S6001, S6002, and S6003. These
switches are of the type used in the Coopers Island console,

previously described.

1. Switch S6001 is the active acquisition aid "SOURCE" switch.
When the plunger of S6001 is depressed, 28 VDC from the con-
sole d-c bus is applied through the common contact of section
S6001A to the switch holding coil and to indicator lamps

DS6017 and DS6018. The lamps are lit, and the holding coil,
which is grounded through the common and normally-closed
contacts of section C of switches S6002 and S6003, is energized.
The action of the coil holds the plunger of S6001 in its de-
pressed position. The common and normally-closed contacts of
section S6001A are in series with the 28 VDC supply to switches
S6002 and S6003; thus, when the plunger of S6001 is depressed,
the 28 VDC supply to S6002 and S6003 is interrupted, and which-
ever (if either) of these switches had been energized is now de-
energized. With switch S6001 closed (plunger depressed), 28
VDC is supplied through the common and normally-open
contacts of section S6001B to the coil of relay K6004, energiz-
ing this relay and connecting position data from the active

acquisition aid to the acquisition bus. The common and
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normally-closed contacts of sections S6001C and S6001D are in
series with the slaving control circuits in the active acquisition
aid. When S6001 is actuated, the active acquisition aid cannot
be slaved to the data on the acquisition bus. This arrangement
prevents the active acquisition aid from being slaved to data for
which it is the source. See figure 7-27. The active acquisition
aid mode control circuit interlocks at Town Hill are virtually
identical to those at Coopers Island, described in paragraph
4-2.C.(4).(c). compare figure 7-27 with 7-23.

2. Switch S6002 is the Coopers Island "SOURCE" switch. When
the plunger of this switch is depressed, the common and nor-
mally-closed contacts of section S6002C are opened, thus break-
ing the circuit of the holding coil of switch S6001. If switch
56001 had been energized, it is now de-energized, and 28 VDC
is applied through the common to the normally-open contact of
section A of S6002. Twenty-eight volts dc on the normally-open
contact of S6002A is applied to the holding coil of S6002 and to
indicator lamps DS6015 and DS6016. The lamps are lit, and

the holding coil, which is grounded through section C of S6003,
is energized. The coil holds the plunger in its depressed posi-
tion. When S6002 is closed, 28 VDC is also applied through

the common and normally-opened contacts of section B to the
coil of relay K6003. The relay is energized, connectingCoopers
Island data to the acquisition bus. With S6002 closed, 28 VDC
also is applied through section D to the coil of relay K6006,
energizing that relay. This action connects display data (not
position data) from the active acquisition aid to the synchro
remoting system for transmission to Coopers Island for moni-
toring. The common and normally -closed contacts of section
56002A are in series with the 28 VDC supply to switch S6003, so
that when S6002 is actuated, the 28 VDC supply to S6003 is
interrupted, and if this switch had been energized it is now

de-energized.
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3. Switch S6003 is the manual '"SOURCE" switch. Section
S6003C is in series with the holding coils of switches S6001 and
56002; when S6003 is actuated (plunger depressed), the holding
coil circuits of S6001 and S6002 are opened, de-energizing
whichever (if either) of these switches had been energized.
Twenty-eight volts is applied to the normally-open contact of
S6003A, and thence to the holding coil of switch S6003, and to
indicator lamps DS6019 and DS6020. The 28 VDC applied to the
holding coil of S6003 energizes the coil and holds the switch
plunger in the actuated position. The indicator lamps are lit,
identifying the data source which has been selected. Also when
56003 is actuated, 28 VDC is applied through the common con-
tact to the normally-open contact of section S6003B, and from
there to the coil of relay K6005. The 28 VDC on the coil of
relay K6005 energizes that relay, and data from the manual in-~

put is connected to the acquisition bus.

4. '"NO DATA ON BUS" indicator lamps DS6021 and DS6022
are supplied with 28 VDC in series with the common and nor -
mally-closed contacts of the A sections of switches S6001,
56002, and S6003. The indicator lamps are lit as long as the
console 28 VDC power supply is on and none of the three switches
has been actuated; when any one of the switches, S6001, 86002, and
56003, is actuated, the "NO DATA ON BUS" indicator lamps are out.

5. As described in the preceding paragraphs, switchesS6001,
56002, and S6003 are electrically interlocked; when any one of
them is actuated by depressing the plunger, d-c power to the
other two is interrupted. If two or three are actuated at the
same time, they open each other's circuits. Also, as at
Coopers Island, the switching circuits on the Town Hill console
are so arranged that data from only one source at a time can be

put onto the acquisition bus.

6. When the dual power supply on the console is first turned
on, none of the "SOURCE'" switches is actuated. After any one
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of them has been actuated, or turned on, they can all be de-
energized, or turned off, only by turning off the dual power
supply with switch S6201 (on the front of the dual power supply
panel).

E. ACTIVE ACQUISITION AID

(1).

GENERAL

(a). One of the problems associated with the use of narrow-beam,
precision-tracking radars is the acquisition of a small, high-speed
target. The problem is due simply to the fact that the target passes
through the radar beam so quickly that the radar and/or operators

have very little time in which to recognize the target and switch into
automatic tracking. The problem is solved by the use of the active
acquisition aid, which has a wide antenna pattern (20 degrees), but
tracks with accuracy (within £0.5 degrees) sufficient to point a narrow -

beam radar at the target.

(b). The relative cones of coverage of the radar and the active acqui-
sition aid are represented in figure 4-10. The active acquisition aid
cone of coverage on the illustration does not represent an actual

beam since the active acquisition aid has no transmitter; instead, it
represents a receiving antenna pattern. Because of its wide cone of
coverage, the active acquisition aid does not require precise antenna

pointing in order to acquire its target, the Mercury capsule.

ACTIVE
ACQUISITION AID
= _ COVERAGE

RADAR
COVERAGE
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Figure 4-10. Relative Coverage by Active Acquisition Aid and Radar
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The antenna is pointed in accordance with the best data available. For
initial acquisition, as the capsule comes over the radio horizon, this
data is based on computations of the capsule's orbit. For re-acquisi-
tion in the event automatic tracking is lost during a pass of the capsule,
the best data is in most cases simply an estimate based on the cap-
sule's position when the track was lost. As soon as the capsule comes
within its 20-degree cone of coverage, the active acquisition aid ac-
quires an automatic track and steers itself to boresight; i.e., it points
its antenna so that the capsule is in the center of its cone of coverage.
Position data (capsule azimuth and elevation) is then put out by the
active acquisition aid and at the acquisition data console is switched
onto the acquisition bus. The radars are slaved to this data and are
therefore pointed at the capsule. The active acquisition aid continues
to track the capsule, and each radar remains slaved until it acquires
the capsule and begins independent, automatic tracking. This, then,
is the first primary function of the active acquisition aid: to acquire
and track the capsule in azimuth and elevation and provide data which

enables the radars to acquire the capsule.

(c). The second primary function of the active acquisition aid is to
provide pointing data to the non-tracking antennas on the site. After
it acquires the capsule, the active acquisition aid continues automatic
tracking until the capsule is out of range. The non-tracking antennas
at Coopers Island are normally slaved through the acquisition system
to the radar, but before the radar acquires the capsule or when for
any other reason data from the radar is not available, the non-track-
ing antennas are slaved to the active acquisition aid. At Town Hill,
the radar data is available only through the synchro remoting system
from Coopers Island. Hence, the receiving antenna is normally

slaved to the active acquisition aid at all times during a capsule pass.

(d). A secondary function of the active acquisition aid at Town Hill
is to receive HF voice, UHF voice, and telemetry signals. HF voice
signals are received by an HF dipole and reflector which are mounted
on the active acquisition aid antenna. The received HF signals are
fed directly to HF voice receiver number 1. Telemetry and UHF
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voice signals are received by the active acquisition aid quad-helix
antenna. UHF voice signals are separated from the telemetry by the
triplexer and fed to a UHF voice preamplifier (part of the capsule
communications system). The two telemetry frequencies go through
two stages of r-f amplification in the active acquisition aid and then
are fed out to telemetering system equipment.

BLOCK DIAGRAM DESCRIPTION (Figure 4-11)

(a).
telemetry signals transmitted by the capsule. These signals (at fre-

The active acquisition aid quad-helix antenna receives two

quencies T1 and T2, or A and B) are fed from the helical antenna
elements to an r-f bridge composed of the four hybrid rings. For
each frequency, three outputs from the r-f bridge are used. These
outputs are reference signal (vectorial sum of the signals from the
four antenna elements), a signal (azimuth error) which depends on the
azimuth displacement of the antenna from boresight, and a signal
(elevation -error) which depends on the elevation displacement of the

antenna from boresight. The derivation of the azimuth and elevation
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error signals is based on a phase comparison in the r-f bridge of the
signals from the antenna elements. When the antenna is off boresight
in azimuth, the signals from the two elements on the right side of the
antenna differ in phase from the signals from the two elements on the
left side; when the antenna is off boresight in elevation, the signals
from the two top elements differ in phase from the signals from the
two bottom elements. Comparison of these phases yields the error
signals.

(b). The azimuth and elevation error signals and the reference sig-
nal are fed from the r-f bridge through the triplexer and diplexers,
for frequency separation, to the receiver. The first and second r-f
amplifiers and the first mixer and i-f amplifier of the receiver are
in the RF housing unit. The balance of the receiver circuits are in
the receiver cabinet. The receiver locks onto one or the other of the

telemetry frequencies, as selected by switch.

(c). The output of the receiver consists of azimuth and elevation
error signals to the antenna positioning system. The antenna posi-
tioning system comprises, in essence, electronic and electro-mech~-
anical servo amplifiers and antenna drive motors. This system con-
tinously positions the antenna for minimum, or null, error signals
out of the receiver. Thus, the antenna is kept pointing at the target
which is being tracked.

(d). Two pairs of synchro transmitters are mechanically coupled to
the antenna. One of these pairs transmits antenna azimuth and ele-
vation position data to the acquisition bus. The other pair transmits
azimuth and elevation display data for display on the active acquisi-
tion aid control console and on the acquisition data console. The
position data transmitters provide the principal output of the active
acquisition aid system; these transmitters are the means by which

acquisition and tracking information is sent to other equipment.

(e). On the meter and switch panel of the control console, there are
azimuth and elevation error meters which permit manual tracking

with the active acquisition aid in the event that part of the automatic
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system is inoperative or when it is not desired to use fully automatic
tracking. These meters indicate the amount and direction of antenna
pointing error. (The errors indicated by the meters are essentially
the same as those supplied to the antenna positioning system during
fully automatic tracking.) For manual tracking with the error meters
the operator simply turns the manual handwheels on the control con-

sole to null the error indicated on the meters.

(). Manual pointing of the antenna for maximum strength of received
signals can be performed with the aid of signal strength meters on
the active acquisition aid control console. At Town Hill there are
five of these meters; four on the signal strength meter panel and one
on the meter and switch panel. The four on the signal strengthmeter
panel indicate the strength of the signals received by the four tele-
metry receivers on the site. Two of the receivers are connected to
the active acquisition aid antenna, and the signal received by them is,
of course, maximum when the active acquisition aid antenna is point-
ing at the capsule. The other two telemetry receivers are connected
to the receiving antenna. The fifth meter, the one on the meter and
switch panel, indicates the strength of the signal in the sum channel
of the active acquisition aid. The five meters continuously indicate
the strength of the signal received by their respective receivers.
Audio (telemetry video) also can be monitored, but from only one re-
ceiver at a time, as selected by switch (see figure 4-12). As shown
on figure 4-12, when a receiver is selected for audio monitoring, a
pilot lamp adjacent to the signal strength meter for that receiver is
lit, providing a direct indication of which receiver has been selected.
Thus the signal strength indication and the audio being monitored are
correlated. The audio output may be either from a speaker, asshown
on figure 4-12, or from an earphorie connected to jacks on the console
audio amplifier. The complete circuit, including connections to the

telemetry equipment, is shown on figure 7-28.

(2). For manual tracking by means of received signal strength, the
receiver is selected which provides the best signal strength indica-

tion and audio. When the selected receiver is the active acquisition
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aid itself or one of two telemetry receivers connected to its antenna,
the operator simply turns the handwheels on the console for maximum
signal strength as indicated on the appropriate meter. Monitoring of
the audio insures that a telemetry signal and not just noise is being
received. When one of the telemetry receivers connected to the
receiving antenna is selected, the receiving antenna must be slaved
through the acquisition system to the active acquisition aid. Then,
turning the handwheels on the active acquisition aid control console
positions the receiving antenna. Under this condition, the active
acquisition aid operator turns the handwheels, and thereby remotely
positions the receiving antenna for maximum signal indication from
the selected receiver.

(h). At Coopers Island there is no signal strength meter panel on the
active acquisition aid control console. Therefore, manual tracking
by means of received signal strength can be performed only with the
active acquisition aid signal strength meter on the meter and switch
panel.

F. SYNCHRO LINE AMPLIFIER

A block diagram of a synchro line amplifier and the manner in which it is

connected into the system is shown in figure 4-13. The azimuth and elevation synchro
transmitters shown on the illustration represent the transmitters at whatever source
is connected to the synchro line amplifier, and the azimuth and elevation receivers
on the illustration represent whatever receivers are connected to the synchro line
amplifier. (For the transmitters and receivers connected to each synchro line
amplifier, see the system block diagram, figure 4-1). In both the azimuth and ele-
vation channels, which are identical, the S2 stator windings are directly connected.
The S1-S2 stator voltage and the S2-S3 stator voltage are amplified by amplifier ele-
ments with the S2 winding being the common (chassis ground) connection in both
cases. (Each amplifier element consists of a voltage amplifier, a phase splitter, a
push-pull cathode follower driver, and a push-pull power amplifier.) With this
arrangement, a third amplifier element is not necessary for the S1-S3 voltage; the
S1-S3 voltage is taken across the output of the two amplifier elements. The output of
the amplifier elements in the synchro line amplifier is reversed 180 degrees in phase
from the input. To compensate for this reversal, the R1 and R2 rotor leads are
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Figure 4-13. Synchro Line Amplifier, Block Diagram

reversed on the amplifier chassis between the synchro transmitters and the receivers,
or, in some cases, the synchro receivers are electrically turned 180 degrees without
interchanging the R1 and R2 connections. (Refer to Section V.) For a complete dis-
cussion of the theory of operation of the synchro line amplifier, refer to the applicable
equipment manual, listed in table 1-II.

G. SYNCHRO REMOTING SYSTEM

As was discussed in Section I, and in previous paragraphs in this section,
the complete synchro remoting system consists of two transmitter-receivers. Each

of the transmitter and receiver portions of the transmitter-receiver has two channels,
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one for azimuth data and the other for elevation data. Each channel of the system
converts synchro data into a 10-bit digital code (gray code) using frequency multiplexed
audio tones, transmits the encoded data over a voice -quality telephone line (3-KC
bandwidth), and at the receiving end decodes the transmitted signal and synthesizes

a synchro signal. A block diagram of one transmitter channel and one receiver

channel of the system is shown in figure 4-14. A servo loop consisting of a control
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DETECTORS SYNTHESIZER)

PREAMPLIFIER

RECEIVER
(ONE CHANNEL)

Figure 4-14. Synchro Remoting System, Block Diagram

transformer, a servo amplifier and a servo motor positions the shaft of the digital
encoder in accordance with the synchro data input to the channel. (For a discussion

of the principles of such a servo loop, refer to paragraph 4-2.1.) Ten tone oscillators,
which have frequencies spaced 200 cps apart from 1100 to 2900 Cps, are connected to
wipers on the encoder. The encoder connects combinations of the 10 tones to a common
line in accordance with a digital code which represents the angle of the encoder shaft.
The composite-tone (multiplexed) output of the encoder is amplified and transmitted to
the receiver. The received signal is amplified by a preamplifier and supplied to 10
tone detectors. Each of the detectors consists of an LC filter and two amplifier stages.
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The filter in each of the detectors is tuned to one of the audio frequencies used by the
system. Each detector produces an output only when the tone, or frequency, towhich
its filter is tuned is present in the composite received signal. Each detector is con-
nected to a relay, which is energized when the detector produces an output. Each of
the 10 relays is thus energized or not energized in accordance with the on or off con-
dition of the corresponding wiper in the transmitter encoder; hence, when considered
together, the relay contacts by their open or closed condition contain a digital re-
presentation of the synchro input to the transmitter. The decoder consists of a special
transformer with multiple windings. The 10 relays connect combinations of the trans -
former windings to produce a synthesized synchro signal which, within the limitation
of system accuracy, is the same as the synchro signal supplied to the system trans-
mitter. For a complete discussion of the theory of operation of the synchro remoting

system, refer to the applicable equipment manual, listed in table 1-II.
H. SYNCHROS

(1). TRANSMITTERS AND RECEIVERS

(a). A standard synchro transmitter or receiver, such as is used in
the acquisition system, may be considered as a single-phase trans -
former with a rotatable primary and a stationary, wye-wound second-
ary. Accordingly, the primary winding is called the rotor, and the
secondary windings are called the stator. The two terminals of the
rotor windings are designated R1 and R2, and the terminals of the
three stator windings are designated S1, S2, and S3.

(b). A reference, or excitation voltage (115 VAC, 60 cycles for the
synchros in the acquisition system) is applied to the rotor of a synchro.
(See figure 4-15.) This reference voltage applied to the rotor of the
synchro induces voltages in the stator windings. The magnitude of the
voltage induced in a given stator winding depends on the angle which
the rotor makes with that stator winding, and the phase angle of the
voltage in a stator winding with respect to the rotor voltage is always
zero or 180 degrees. The voltages in the windings of a synchro

stator are shown in figure 4-16. The curves in the illustration are
plots of the voltage magnitudes and phase against the angle of the

rotor. The voltage across each stator winding (i.e., from the
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Figure 4-15. Synchro Transmitter or Receiver, Schematic Diagram

winding terminal to the common connection of the three windings)
varies from 52 VAC (rms) of one phase polarity through zero to 52
VAC of the opposite phase polarity as the rotor is turned. Due to the
way the rotor and stator windings are arranged on a synchro, these
curves are sinusoidal. However, they should not be confused with
timegraphs of sinusoidal voltages. All of the voltages in a synchro
system are a-c, they are either in phase or 180 degrees out of phase
with each other, and their effective (rms) values vary with the angle

of the rotor, as shown on the illustration.

(c). In practice, no external connection is made to the common
connection of the three stator windings, and the synchro system stator
voltages are taken between the three pairs of windings: S2 and S1,

S2 and S3, and S1 and S3. The voltage magnitude and phase between
these pairs of windings is shown in figure 4-17 for varying rotor
angles.

(d). The simplest form of synchro system consists of a transmitter
and a receiver. A transmitter and a receiver which are suitable for

use in the same system generally are electrically identical, but

4-59



MS-112 Section IV

52
T \ /
=5 3| ¢ ]
zax -
e w= 0
3= .7
gz 8 /
v ~
S w| 26 -
'-u.a
~N | 7 :
0°  30° 60°  90° 120° I50° 180° 210° 240° 270° 300° 330° 360°
ROTOR ANGLE
52
45 // N\
o= S| 2+ -
== =
CEL 1 0
s 3z
g =
ge 1| ® \
o ud
[F N7, ]
frag= ) 45— A N
wE 52
0*  30°  60°  90° 1200 150 180°  210° 240 270¢ 300° 330°  360°
ROTOR ANGLE
52
45t // \ ]
=2 2| / =
= _— -
< =
- e
ou'-
o =w T 0
w J=
< 3
wi T 2 -
ce & \
ws v
R S N :
0*  30° 80°  90° [20° 150° 180°  210* 240° 270° 300° 330* 360°
ROTOR ANGLE

Figure 4-16, Voltages in Synchro Stator Windings
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somewhat mechanically. The most notable mechanical difference is
the use of a damper on the receiver in order to prevent it from oscil-
lating. The transmitter, being mechanically coupled to an antenna or
handwheel through a gear train, requires no damper. Hence, if
mechanical coupling can be arranged, a receiver can be used as a

transmitter, but a transmitter generally cannot be used as a receiver.

(e). The manner in which a synchro system works is illustrated in
figures 4-18 and 4-19. The stator windings of the transmitter are
connected to the corresponding windings on the receiver; S1 to S1,
S2 to S2, and S3 to S3. The rotor windings of the transmitter and
receiver are connected in parallel and are supplied by 115 VAC
reference. '

Note

All of the rotor windings in a synchro system
must be connected to a common reference
voltage source. Otherwise, phase differences
between voltage sources will cause inaccuracies

in the system.

With the reference voltage applied and both of the rotors at zero
degrees, as shown in figure 4-18, voltages in the stator windings
are 52 VAC for the S2 windings and 26 VAC each for the S1 and S3
windings. The arrows on the illustration adjacent to the windings
indicate relative instantaneous current direction (relative phase).
As can be seen from figure 4-18, with both the transmitter and re-
ceiver rotors at the zero position, the magnitudes of the voltages
induced in the stator windings of the transmitter and receiver are
the same, and the phases are such that no current flows through the
windings. With no current in the windings, no torque is developed
and both synchros remain at rest. This condition of dynamic
balance (voltages and phases such that no current flows in the stator
windings) exists whenever, but only so long as, the rotors of the
transmitter and receiver are at the same angular position.
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Figure 4-18, Simple Synchro System with Transmitter and Receiver Rotors

at the Same Position, Schematic Diagram

(f). If the synchro receiver is held at one position and the trans-
mitter turned to another position, unbalanced stator voltages are
developed and current flows in the windings. An example of this
condition is shown in figure 4-19. The rotor of the transmitter is
turned to 30 degrees, inducing stator voltages of the magnitudes and
relative phases as shown on the illustration. (For the magnitude and
relative phase of the induced stator voltages at any position of the
rotor, see figure 4-16). The rotor of the receiver, however, is at
a different position, zero degrees, and the voltages induced in its
stator windings are different from those in the stator of the trans-
mitter. Currents with the relative phases shown flow in the stator
windings. The magnitudes indicated for the currents are typical
values. These currents cause torque to be applied to the rotors of
the synchros and both of the rotors try to turn. Under the conditions
shown on figure 4-19, the transmitter rotor will try to turn in a coun-

terclockwise direction and the receiver rotor in a clockwise direction.
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Figure 4+19, Simple Synchro System with Transmitter and Receiver Rotors

at Different Positions, Schematic Diagram

The transmitter rotor, when it is mechanically coupled to an antenna

or a handwheel, is not free to turn, but the receiver rotor is free to

turn. Thus, the receiver rotor turns to the same position as the

transmitter rotor and the system comes to dynamic rest. In the same

manner, if the transmitter rotor is turned to some new position, the

receiver rotor follows. The synchros used in the acquisition system

have sufficient sensitivity that as long as reference voltage is applied

and the units are operating normally, a receiver will always follow

the transmitter to which it is connected within a small fraction of a

degree; the receiver is always at virtually the same position as the

transmitter, regardless of whether the transmitter is stationary or

is being turned. Hence, a pointer or dial attached to the receiver

rotor provides an indication of the angular position of the device —

in most cases an antenna—to which the transmitter rotor is coupled.

(g). Either a single receiver or several receivers in parallel may be

driven by a single transmitter. The acquisition system employs both

of these arrangements.
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(h). A variety of nomenclature is applied to synchros. The most
common of these are listed and explained below:

1. Torque receiver (TR): a synchro receiver.

2. Torque transmitter (TX): a synchro transmitter which can
drive a relatively large mechanical load (on the receiver or
receivers connected to the transmitter).

3. Control transmitter (CX): a synchro transmitter which can
drive only a relatively small mechanical load (on the receiver
or receivers connected to the transmitter).

Note

Both torque transmitters and con-
trol transmitters are synchro trans-
mitters as described in the previous
paragraphs, and except for the amount
of load they can drive, they are the
same.

4. Synchro generator: a synchro transmitter.
9. Synchro motor: a synchro receiver.

6. Control transformer (CT): This device is described in the
following paragraph.

7. Selsyn, autosyn: trade names for synchros.

CONTROL TRANSFORMERS

(a). The control transformer is a type of synchro unit widely used in
automatic control systems. Its function is to supply an a~c voltage
whose magnitude and phase polarity depend on the difference between
the angular position of its rotor and the rotor of the synchro trans-
mitter which is connected to it. Control transformers are used in
various places in the antenna positioning systems which are part of

or are connected to the acquisition system.

(b). Control transformers are similar to synchro transmitters and
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receivers, but differ from them in several important respects:

1. The rotor winding of a control transformer is never con-
nected to an a-c supply and therefore induces no voltage in the
stator windings. As a result, the stator current is determined
only by the impedance of the windings, which is high, and it is
not appreciably affected by the rotor's position. (A matched

set of delta-connected capacitors is connected across the stator
leads near the control transformer. These capacitors correct
the lagging power factor of control transformer coils and reduce
the current drawn from the synchro transmitter.) Also, there
is no appreciable current in the rotor, and the rotor does not
tend to turn to any particular position when voltages are applied
to the stator. The rotor of a control transformer is always
turned by some mechanical device such as an antenna. (Ormore
specifically, by gearing between an antenna and the control

transformer.)

2. The zero position of a control transformer is that at which
the rotor is at right angles to the S2 stator winding. (See figure
4-20.) Note that this zero position differs by 90 degrees from

that of a transmitter or receiver (figure 4-18).

(c). The manner in which a control transformer is connected in a
system is shown in figure 4-21. The stator windings of the control
transformer are connected to the corresponding stator windings of

a synchro transmitter. The rotor of the control transformer is
usually connected to a servo amplifier. With a reference voltage

(115 VAC) applied to the rotor of the transmitter, voltages are induced
in the stator windings of the transmitter. These voltages are repre-
sentative, by magnitude and phase polarity, of the angular position of
the rotor. Since the stators of the control transformer and trans-
mitter are connected, currents flow in the windings, and if the control
transformer rotor is at any position except the same as or 180 degrees
different from that of the transmitter rotor, voltage is induced in the

control transformer rotor.
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Y4

ROTOR AT ©°

Figure 4-20. Control Transformer, Schematic Diagram

RI
115 VAC
REFERENGE g2

C:)— ERROR VOLTAGE

SERVO
AMPLIFIER

Figure 4-21. Control Transformer and Synchro Transmitter Connections,
Schematic Diagram
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(d). The voltage induced in the control transformer rotor when it is

at a position different from the transmitter rotor depends in magni-
tude and phase polarity on the angular difference between the two
rotors. The voltage variation for 360 degrees of angular difference
between the positions of the two rotors is shown on figure 4-22. Note
that the rotor voltage has two null points: at positions which are zero
and 180 degrees different from the position of the transmitter rotor.
When the control transformer rotor is between zero and 180 degrees
relative to the transmitter rotor (voltage curve above zero line on
figure 4-22), the control transformer rotor voltage is of one phase;
between 180 and 360 degrees (voltage curve below the line on figure
4-22), it is of the opposite phase.

(e). For a description of how control transformers are used, refer

to paragraph 4-2.1.

I. TYPICAL SERVO SYSTEMS UTILIZING SYNCHROS
In the acquisition system and the equipment associated with it there are a

number of servo systems which utilize synchros. A simplified version of a servo

system of this type is described in this paragraph in order to provide a basic under-
standing of how mechanical position data is converted to electrical form, transmitted
over a distance, and converted back to mechanical form. Figure 4-23 illustrates

such a system.

51
54.5

o TN _

28.5¢ \ /-
54.51 N // -
57

0* 30 60°  90° [20*  I50*  180°  210°  240° 270°  300° 330° 360°

ANGLE BETWEEN CONTROL TRANSFORMER
AND TRANSMITTER ROTORS

/

EFFECTIVE VOLTAGE ACROSS
CT ROTOR
o

Figure 4-22, Voltage in Rotor Winding of Control Transformer
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(1). The principal elements of the system are a mechanical input (the
handwheel on figure 4-23), a mechanical/electrical converter (the synchro transmitter)
an electrical/mechanical converter (the servo loop consisting of the control trans -
former, the servo amplifier, and the servo motor), and a mechanical output, or load
(the antenna).

ANTENNA
MANUAL NPYT
@ HANDWHEEL
|
N\

CONTROL

SYNCHRO
TRANSMITTER A ) RANSFORMER

h

115 _VAC
REFERENCE

) AR

ERROR
SIGNAL

REFEREMCE
YOLTAGE

Figure 4-23. Typical Servo System Utilizing Synchros, Simplified
Schematic Diagram

(2). The output of the synchro transmitter is a function of the position of
its rotor, which is mechanically coupled to the handwheel. The output of the synchro
transmitter is connected to the control transformer, whose rotor may or may not be
at the same angular position as that of the transmitter. (Refer to paragraph 4 -2.H.
for a description of the operation of synchro transmitters and control transformers.)
When the control transformer rotor is not at the same position as the rotor of the
transmitter, a voltage is developed in the control transformer rotor winding. The
magnitude and phase polarity of this voltage depend on the angular difference between
the positions of the two rotors. This voltage, the error signal of the servo loop, is
applied to the servo amplifier, where it is amplified and applied to the variable-phase
field winding of a two-phase motor. A reference voltage is applied to the fixed -phase
field of the rotor. The direction of rotation of the motor depends on the phase of the
error signal (relative to the reference voltage), and the speed of rotation of the motor
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depends on the magnitude of the error signal. When no error signal is applied, the

motor does not rotate. The motor armature is coupled through gearing to the rotor
of the control transformer and to the mechanical load, in this case an antenna. The
gearing and phase of signals in the servo loop are so arranged that whenever there is
an error signal developed across the rotor of the control transformer, the motor
turns in the direction which results in a reduction of the magnitude of the error.
Stated another way, the motor drives the rotor of the control transformer so that it
is always at very nearly the same position as the rotor of the synchro transmitter.
Since the antenna is also driven by the motor, it too is kept at virtually the same
position as the transmitter rotor. Thus, the antenna follows the handwheel which

turns the synchro transmitter rotor.

(3). The servo systems actually used in the acquisition system and assoc-
iated equipment are generally more elaborate than that just described, but the prin-
cipal elements of the systems are the same. For instance, the active acquisition aid
uses an amplidyne and a d-c servo motor in each channel of its antenna positioning
system. The d-c servo motor, however, has exactly the same basic function as
the two-phase, a-c motor on figure 4-23, and the amplidyne is, in its function, simply
an additional two-stage servo amplifier.
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SECTION V
SYSTEM MAINTENANCE

5-1. GENERAL

This section includes information, instructions and procedures for preventive
maintenance, trouble shooting, adjustments and repair, lubrication, special tools,
and test equipment. Detailed information is given for the acquisition data consoles
and their components; for other equipment in the system, system-level and general
information is given. For detailed information on the other equipment, refer to the
applicable equipment manuals listed in table 1-II.

l WARNING |

Antenna drive power cutoff switches.and warning lights

are mounted below the platforms of the active acquisition
aids, both of the transmitting antennas, and the receiving
antenna. (Refer to Section II for the location of the
switches.) When drive power is applied to the pedestal,
the warning light is lit. The switch should be turned off
(thus removing drive power from the pedestal) before
going onto the antenna platform for maintenance or repair.
For a schematic diagram of the active acquisition aid
antenna safety circuit, which includes a cutoff switch

and warning light, see figure 7-24.

5-2. PREVENTIVE MAINTENANCE

A. PREVENTIVE MAINTENANCE SCHEDULE
Table 5-1 outlines the preventive maintenance procedures which are to be

performed on all of the equipment in the aocquisition system. Detailed procedures
are discussed in paragraph 5-2.B. and the equipment manuals.

B. PREVENTIVE MAINTENANCE PROCEDURES

(1). PAINTED SURFACES
Painted surfaces which have corroded should be sanded to remove all
of the corroded material and then painted. Use matching paint, when it is available,
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for the sake of appearance.

(2). PLATED SURFACES
Remove corrosion on plated surfaces (cadmium, nickel or other)

with sandpaper or emery cloth and spray or brush th» area with a clear lacquer. If
lacquer is not available, paint corroded areas to prevent further corrosion until
lacquer can be obtained.

5-3. TROUBLE SHOOTING

This paragraph provides information to aid in the isolation and correction of

troubles in the acquisition system. It is concerned primarily with those malfunctions
which affect the transmission of acquisition information; for information on a mal-
function which affects only an individual piece of data source or data-using equipment,
refer to the applicable equipment manual. Because the d-c indication and synchro
portions of the acquisition system are essentially independent of one another, they
are treated separately in the following discussions.

A. D-C INDICATIONS
The d-c indication circuits in the acquisition system are simple and
straightforward and thus should pose little difficulty in trouble shooting. When a d-c
indicator fails to operate normally , refer to the diagrams in Section VII (both the
individual equipment schematics and the interconnecting circuit schematics) and to
the applicable portions of paragraph 5-4 for information on isolating and ascertaining

the source of trouble. The source of the trouble will, in most instances, be obvious
on examination of the circuits involved. For information on inter-equipment wiring,
refer to Section II; for information on the internal wiring of equipment other than the
acquisition data console, refer to the applicable equipment manual.

B. SYNCHROS
This paragraph comprises three sections: criteria for distinguishing

actual troubles, which can be corrected only by repair or replacement, from those
malfunctions which can be corrected by adjustment; system trouble analysis; and
circuit trouble analysis. The material on system trouble analysis provides informa-
tion to aid in isolating the trouble to a particular circuit, or portion of the system.
The material on circuit trouble analysis will aid in further isolating and determining
the exact nature of the trouble. Both the system and circuit trouble analyses are
concerned with actual troubles, not misadjustments. For synchro adjustment
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procedures, refer to paragraph 5-4.B.

(1). CRITERIA FOR DISTINGUISHING TROUBLE FROM
MISADJUSTMENT

A synchro device is not operating properly when it does not accurate-

ly, rapidly and smoothly transmit or follow the angular information which is fed into
it. If a synchro has an error in the information it puts out, but the error is small
and essentially constant and the output of the synchro follows the input smoothly and
rapidly, the cause of the improper operation is most likely misadjustment. (For a
transmitter the input is mechanical and the output is electrical. For a receiver the
input is electrical and the output mechanical. For a control transformer there are
two inputs, one electrical and one mechanical, and one output, electrical.) If the
synchro follows the input but with changing error, does not follow the input, spins,
oscillates, hunts, follows erratically, has a large error (about 60 degrees or more),
hums, overheats, or exhibits a combination of these or similar symptoms, the cause
is most likely an actual trouble, either in the synchro being observed, another synchro
connected to it, or the circuits between the two. (Improper adjustment of a synchro
line amplifier, however, will cause a varying error in the system which is not due to
an actual trouble. The peak value of such error is dependent on the amount of

amplifier output imbalance.)

(2). SYSTEM TROQUBLE ANALYSIS
Trouble shooting of the synchros in the acquisition system requires
a thorough knowledge of the basic principles of synchros and the particular way in
which they are used in the system. (Refer to Section IV.) With this knowledge it
should be evident from the pertinent schematics, especially figure 5-8 and the inter-

connecting circuit schematics in section VII, what the possible causes are for any
given trouble. However, keep the following points in mind:

(a). A defective synchro can degrade the performance or cause
abnormal operation of any or all synchros which are connected
directly to it; for instance, where tworeceivers (or a receiver and a
control transformer) are wired in parallel, a defect in one of them
may cause abnormal operation of both. In cases where several
synchros have abnormal operation, it will help in isolating the trouble
to disconnect, one at a time, each of those involved to see which is
affecting the operation of the others.
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(b). Outside of the synchro remoting system, the reference voltage
(rotor) circuits are virtually the only circuits the azimuth and
elevation channels have in common. If abnormal operation shows

up in both azimuth and elevation channels in a portion of the
acquisition system, look for trouble in the reference voltage circuits.

(c). Troubles that show up just after installation or replacement of
synchro units are most likely due to incorrect wiring connections,
not to defective units.

(d). When a trouble occurs, be sure to check all connecting circuits
very thoroughly. Synchros themselves, although delicate instru-
ments, are generally very reliable and trouble-free devices.

CIRCUIT TROUBLE ANALYSIS

Once it has been determined that the source of trouble is in a

particular circuit or portion of the system, circuit trouble analysis may be per-

formed by one or a combination of the following means:

(a). Use of the synchro trouble shooting chart, figure 5-1: This
chart graphically shows the symptoms and causes of most of the
common synchro troubles, including incorrect wiring connections.

(b). Checks of connecting circuits: All of the circuits between
synchros in a malfunctioning portion of the system should be checked
in accordance with the applicable portions of paragraph 5-4 and the
applicable equipment manuals, listed in table 1-II. See also the
interconnecting circuit schematic diagrams in section VII.

(c). Synchro voltage checks: In some instances it may not be
possible to turn the suspected synchros as is necessary when using
figure 5-1. In such instances the synchro voltages can be checked.
Transmitter and receiver rotor voltage should always be 115 VAC.
Transmitter, receiver and control transformer stator voltages should
be as shown by the curves of figure 4~17. Control transformer rotor
voltage should be as shown in figure 4-22.
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5-4. ADJUSTMENTS AND REPAIR
A. GENERAL
This paragraph describes, on an individual basis, adjustment and repair

procedures for synchros, the 28 VDC power supply, relays, and switch and indicator
assemblies. Also described are adjustment procedures for the synchro line amplifier.
For detailed information on other components of the acquisition system, see the
applicable equipment manuals, listed in table 1-II. The repair procedures given here
are based on the assumption that a particular component, such as a relay, switch or
synchro, is known or suspected to be malfunctioning. The procedures are for the
isolation and correction of the specific cause of trouble. For general, or system,
trouble shooting procedures, see paragraph 5-3.

B. SYNCHRO ALIGNMENT

(). GENERAL

(a). This paragraph describes procedures for alignment and

zeroing of synchro transmitters, receivers, and control trans-
formers individually and while operating in a system. Also de-
scribed are procedures for 180-degree reversal of synchro re-

ceivers.

(b). In a general sense, '"zeroing" a synchro means adjusting it
mechanically so that it will work properly in a system with one or
more other synchros. Specifically, "zeroing'' means aligning the
mechanical and electrical zero positions of a synchro. Mechanical
zero of a synchro is defined as the rotor position at which the
mechanical device coupled to the synchro is at its zero position.

For instance, a synchro transmitter coupled to the elevation drive of
an antenna is at mechanical zero when the antenna is at zero degrees
elevation; and a synchro receiver driving an azimuth indicator is at
mechanical zero when the indicator pointer or dial reading is zero
degrees azimuth. Electrical zero of a synchro is defined as the
position of the rotor when rated voltage is applied to the rotor, when
there is no voltage difference between S1 and S3, and when rated
voltage is applied between S2 and S1-83 in such a way that the voltage
at S2 (measured with respect to S1-83) is in phase with the voltage
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at R1 (measured with respect to R2). The applied voltages and the
rotor position at electrical zero are shown in figure 5-2. The
voltages shown are the rated values for the synchros used in the
acquisition system. For purposes of definition, the arrangement
shown in figure 5-2 applies both to synchro transmitters and re-
ceivers, and it is actually used for zeroing receivers; however, since
when in operating position they are not free to turn, synchro trans-
mitters are more conveniently zeroed by a different procedure, which
is described below. The electrical zero position of a control trans~
former is as described in paragraph 4-2.H.(2). and shown in figure
4-20.

(c). Certain of the synchro receivers used in the acquisition system
require special procedures for zeroing. The requirement for special
procedures derives from the facts that the R2 and S2 windings are
internally connected in all synchros on the acquisition data consoles,
that the 82 winding of all synchros connected to a synchro line
amplifier is grounded within the amplifier, and that a synchro line
amplifier reverses the phase of all synchro stator voltages which pass
through it. Hence, with normal connections, synchro receivers con-
nected to a line amplifier would give readings 180 degrees different
from what they should; ard the usual procedure for correcting a re-
verse synchro reading (interchanging the R1 and R2 connections)
cannot be followed in all cases as it would result in a direct short
circuit of the 115 VAC synchro reference voltage. The procedures
given below of course take these conditions into account and except
where noted are applicable to all synchros connected to the
acquisition system.

(d). The procedures that follow comprise four sections: one for
individual zeroing of transmitters, one for individual zeroing of re-
ceivers, one for individual zeroing of control transformers, and one
for in-system alignment of transmitters and receivers. The first
three sections apply, with some exceptions as noted, to any
individual synchro transmitter, receiver, or control transformer, in
the acquisition system.
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(2). SYNCHRQ TRANSMITTERS
The following are two procedures for zeroing synchro transmitters.

The simplified procedure should be used when, but only when, the approximate
electrical zero position of the transmitter is known. The reason for this restriction
is that the simplified procedure is ambiguous, i.e., the null voltage, for which the
synchro is adjusted in the simplified procedure, occurs at two positions, electrical
zero and 180 degrees. The complete procedure allows the approximate position of
electrical zero to be determined. In practice however, it is usually not necessary to
follow the complete procedure, once the transmitter has been installed and operating
properly, the transmitter can be set approximately to electrical zero simply by
setting the device to which it is mechanically coupled to zero azimuth or elevation.

SYNCHRO
VARIAC

115VAC

T8VAC

$3 S|

Figure 5-2. Conditions at Electrical Zero of a Synchro

(a). TRANSMITTER ZERQING PROCEDURE - COMPLETE

1. Set the device to which the synchro is mechanically
coupled to its zero-degree position (azimuth or elevation).

2. Turn off reference voltage to the synchro (115 VAC).
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3. Disconnect the stator leads (S1, S2, S3) from the synchro.

4. Connect a jumper between synchro terminals R2 and S2
and connect a voltmeter (Hewlett-Packard 400D, 300 volt scale)
between terminals R1 and S1. (See figure 5-3.)

Before connecting the jumper between R2 and S2, make
sure that the synchro has no internal jumpers which,
when the external jumper is connected, would result in
a short circuit of the 115 VAC power.

5. Apply 115 VAC to the rotor windings (R1 and R2) of the
synchro:

a. If the meter reading is approximately 193 volts, the
synchro is near electrical zero. Proceed with the

p-
L 4

|

115VAC

B: SYNCHRO TRANSMITTER
V: HEWLETT-PACKARD 400D AC VTVM

MAKE CONNECTIONS AND APPLY POWER AS SHOWN

APPROXIMATE METER READINGS :

NEAR ELECTRICAL ZERO POSITION -193 VAC
NEAR ELECTRICAL {80 - DEGREE POSITION - 37VAC

Figure 5-3. Method of Locating Approximate Position of Synchro Transmitter
Electrical Zero
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simplified zeroing procedure below.

b. If the meter reading is approximately 37 volts, the
synchro is near electrical 180 degrees. Turn off the 115
VAC reference, loosen the screws which hold the case,
and turn the case of the synchro halfway around, so that
the meter reading is approximately 193 volts. Then pro-
ceed with the simplified zeroing procedure below.

c. If the meter reading is something roughly midway
between 37 and 193 volts, the synchro is not near either
zero or 180 degrees. Proceed with the simplified zeroing
procedure to set the synchro near zero or 180 degrees.

Then repeat the complete zeroing procedure.

(b). TRANSMITTER ZEROING PROCEDURE - SIMPLIFIED

Note

See paragraph 5-4.B.(2). for restrictions on the use of

this procedure.

1. Set the device to which the synchro is mechanically coupled

to its zero-degree position (azimuth or elevation).
2. Turn off reference voltage (115 VAC) to the synchro.
3. Disconnect stator leads (S1, S2, S3) from the synchro.

4. Connect a voltmeter (Hewlett-Packard 400D) between
synchro terminals S1 and S3. (See figure 5-4.) To protect

the meter, set it initially on the 100-volt scale. As lower
voltage readings are obtained during the following steps of the
zeroing procedure, set the meter to successivelylower scales.

5. Loosen the screws which hold the case of the synchro so
that the case is free to turn.

6. Apply 115 VAC to the rotor windings (R1 and R2) of the
synchro.

5-14




5-4.B.(2).(b).7. MS-112 Section V

7. Turn the case of the synchro in the direction which results
in a decreasing meter reading. When a very low voltage read-
ing is obtained, rotate the case of the syhchro back and forth
to locate the position of null voltage on the meter. (Null
voltage should be about 0.1 volt.) This position is the
electrical zero of the synchro.

8. With the synchro set at electrical zero, tighten the screws
which hold the case in place.

9. Turn off the reference voltage (115 VAC) and reconnect
stator leads (S1, S2, S3).

I RI Sl
5V AC B 52 v>
= s3

B: SYNCHRO TRANSMITTER
V: HEWLETT-PACKARD 4000 AC VTVM

MAKE CONNECTIONS AND APPLY POWER AS SHOWN.

ROTATE CASE FOR MINIMUM READING ON METER { MINIMUM
READING SHOULD BE ABOUT 0.1 VOLT)

Figure 5-4. Method of Zeroing Synchro Transmitter

(3). SYNCHRO RECEIVERS

This paragraph describes procedures for zeroing and for reversing

synchro receivers. Two procedures for reversing receivers are described; one of
these can be used for any synchro receiver, and the other, which is simpler, is

limited in application to those receivers which have no internal or external jumpers
between a rotor lead and a stator lead. Synchros with jumpers are hereafter called
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the four-wire type, and those with no jumpers are called the five-wire type. (All of
the synchro receivers on the acquisition data consoles are the four-wire type.
Terminals R2 and S2 are internally jumpered.)

(a). RECEIVER ZEROING PROCEDURE
This procedure is applicable to those synchro receivers which are

not supplied from a synchro line amplifier. (A synchro line
amplifier reverses the phase of the stator voltages; hence, synchro
receivers connected to the output of an amplifier require reversing,

not zeroing.)
1. Turn off reference voltage (115 VAC) to the synchro.
2. Disconnect stator leads (S1, S2, 83) from the synchro.

3. Connect a Variac (General Radio Type W10MT) as shown
in figure 5-5.

VARIAC
l st 4
Rl
52
115VAC ( 8
l 78VAC R 53

B: SYNCHRO RECEIVER.
VARIAC : GENERAL RADIO TYPE WIOMT.

MAKE CONNECTIONS AND APPLY POWER AS SHOWN. SYNCHRO WILL TURN
TO ELECTRICAL 180°.

TO ZERO: ROTATE CASE OR POINTER FOR SYNCHRO POINTER OR DIAL
READING OF (80°.

TO REVERSE : ROTATE CASE OR POINTER FOR SYNCHRO POINTER OR
DIAL READING OF 0°.

Figure 5-5. Method of Zeroing or Reversing Synchro Receiver
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4. Turn on the 115 VAC reference voltage and adjust the
variac for 78 VAC between synchro terminal S2 and terminals
S1-S3. The synchro will turn to electrical 180 degrees.

5. Being careful not to short circuit the 115 VAC voltage,
loosen the screws which hold the case of the synchro and turn

the case so that the synchro pointer or dial is at 180 degrees.

6. Turn off the 115 VAC voltage and tighten the screws which
hold the synchro case in place. The synchro is now zeroed.

Note

The synchro receivers on the acquisition data consoles are so
constructed that they cannot be zeroed by turning the case; the
pointer must be turned on the rotor shaft. Partially disassemble
the synchro and remove the pointer from the rotor shaft in
accordance with the instructions in paragraph 5-4.C.

(b). RECEIVER REVERSING PROCEDURES
The procedures which follow are applicable to synchro receivers

which are connected to the output of a synchro line amplifier. Two
procedures are described; the first is a very simple method of re-
versing (changing by 180 degrees) the reading of a receiver, but it
cannot be used on synchros with four-wire connections (jumpers be-
tween rotor and stator leads) and it does not provide a check of the
accuracy of the synchro's indication. The second procedure can be
used with either four- or five-wire connection synchro receivers and
it provides check and adjustment of the receivers indication inasmuch
as it is actually a procedure for ''zeroing' at 180 degrees.

1. R1-R2 INTERCHANGE

CAUTION |

Do not apply this procedure to any of the synchros on the
acquisition data consoles or any others which have inter-
nal or external jumpers between a rotor winding and a
stator winding. To do so may result in a direct short cir-
cuit of the 115 VAC reference voltage.
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a. Turn off the 115 VAC reference voltage.

b. Disconnect the external leads from the synchro R1 and

R2 terminals.

c. Connect to R1 the external lead which was formerly on
R2.

d. Connect to R2 the external lead which was formerly on
R1. The synchroreadingis now reversed (different by 180
degrees) from what itwas before R1and R2 were interchanged.

"ZEROING'" AT 180 DEGREES

a. Turn off reference voltage (115 VAC) to the synchro.

b. Disconnectstator leads (S1, S2, S3) from the synchro.

¢. Connect a variac (General Radio Type W10MT) as
shown in figure 5-5.

d. Turn onthe 115 VAC reference voltage and adjust the
variac for 78 VAC between synchro terminals S2 and S1-
S3. The synchro will turn to electrical 180 degrees.

e. Being careful not to short circuit the 115 VAC voltage,
loosen the screws which hold the synchro case. Turn the

case so that the synchro pointer or dial is at zero degrees.

f. Turn off the 115 VAC voltage and tighten the screws

which hold the synchro case. The synchro is now reversed.

Note

For the synchros on the acquisition data consoles, see the

note under paragraph 5-4.B.(3).(a). regarding zeroing by

turning the pointer on the rotor shaft. For reversing, or

zeroing at 180 degrees, follow the procedure in the refer-

enced note, except turn the pointer to zero degrees.
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(4). CONTROL TRANSFORMERS
Two procedures, one complete and one simplified, for zeroing control

transformers are given below. As was discussed for the case of synchro trans-
mitters in paragraph 5-4.B.(2)., the simpler procedure should be used only when the
approximate electrical zero position of the control transformer is known. However,
in practice the approximate electrical zero position usually is known and the simpli-
fied procedure can in most cases be used.

(a). CONTROL TRANSFORMER ZEROING PROCEDURE-
COMPLETE

1. Set the device to which the control transformer is
mechanically coupled

2. Disconnect the rotor (R1, R2) and stator (S1, S2, S3) leads
from the control transformer.

3. Connect a jumper between terminals R2 and S3 and connect
a voltmeter (Hewlett~Packard 400D, 300-volt scale) between
terminals R1 and S1. (See figure 5-6.)

. VARIAC fv\
_/
5 "
115V AC 52 8 ) "
53
90V AC

B: CONTROL TRANSFORMER.
V: HEWLETT-PACKARD 400D AC VTVM.
VARIAC : GENERAL RADIO TYPE WIOMT.

MAKE CONNECTIONS AND APPLY POWER AS SHOWN.

ROTATE CASE FOR MINIMUM READING ON METER.
(MINIMUM READING SHOULD BE ABOUT 30 VOLTS).

Figure 5-6. Method of Locating Approximate Position of Control Transformer
Electrical Zero
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4. Connect a variac (General Radio Type W10MT) between
terminals S1 and S3 as shown on figure 5-6 and apply 90 VAC
to these terminals.

a. If the meter reading is approximately 30 volts, the

control transformer is near electrical zero. Proceed with

the simplified zeroing procedure below.

b. If the meter reading is approximately 120 volts, the
control transformer is near electrical 180 degrees. Turn
off the power, loosen the screws which hold the case, and
turn the case of the control transformer halfway around.
Turn the power back on; the meter reading now should be
approximately 30 volts. Proceed with the simplified

zeroing procedure.

CONTROL TRANSFORMER ZEROING PROCEDURE -

SIMPLIFIED

1. Set the device to which the control transformer is
mechanically coupled to its zero-degree position.

Note

See paragraph 5-4.B. (4). for restrictions on the use of this

procedure.

2. Disconnect the rotor (R1, R2) and stator (S1, S2, S3) leads

from the control transformer.

3. Connect a jumper between terminals S1 and S3 and connect
a voltmeter (Hewlett-Packard 400D) between terminals R1 and
R2. (See figure 5-7.) To protect the meter, set it initially on
the 100-volt scale. As lower voltage readings are obtained
during the following steps of the procedure, set the meter to

successively lower scales.

4. Loosen the screws which hold the case of the control
transformer so that the case is free to turn.

5. Connect a variac between terminals S1 and S2 as shown in
figure 5-7 and apply 78 VAC to these terminals.
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®

VARIAC

R1
T8VAC n
l 83\

115VAC

B: CONTROL TRANSFORMER .
V: HEWLETT-PACKARD 400D AC VTVM.
VARIAC: GENERAL RADIO TYPE WIOMT

MAKE CONNECTIONS AND APPLY POWER AS SHOW

ROTATE CASE FOR MINIMUM READING ON METER.
(MINIMUM READING SHOULD BE ABOUT 0.1VOLT),

Figure 5-7, Method of Zeroing Control Transformer

6. Turn the case of the control transformer in the direction
which results in a decreasing meter reading. When a very low
voltage reading is obtained, rotate the case of the control
transformer back and forth to locate the position of null voltage
on the meter. (Null voltage should be about 0.1 volt.) This
position is the electrical zero of the control transformer.

7. With the control transformer set at electrical zero, tighten
the screws which hold the case in place.

8. Turn off power and reconnect the control transformer for
normal operation in its circuit.

(5). SYSTEM ALIGNMENT

In a system consisting of a synchro transmitter and a synchro re~

ceiver or control transformer, there are three places where misalignment errors

commonly arise.

These three are the transmitter, the receiver, and the circuits

which connect the transmitter to the receiver. When the connecting circuits consist
simply of cabling and/or fixed transformers, no adjustments can be made to them;
errors can be corrected only at the transmitter or receiver. When the connecting
circuits include a synchro line amplifier, error-correcting adjustments can be made
at the transmitter, the receiver, and at the amplifier. In a simple system consisting
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of a single transmitter, synchro line amplifier, and receiver or control transformer
(a control transformer for the purposes of this discussion being equivalent to a
synchro receiver), a misalignment error can be corrected by adjusting any one of
the three elements (transmitter, amplifier, or receiver). In such a simple system
it is immaterial where the source of error actually is; a misadjustment of the trans-
mitter can be compensated for by adjusting the receiver to introduce an equal and
opposite error. The only criterion for proper operation is that when the device which
drives the synchro transmitter is pointing at a given angle, the synchro receiver
indicates that angle. However, the synchros in the acquisition system are not in a
simple arrangement like that just described, and although shortcut methods can and
should be used as the technician becomes familiar with the configuration and
characteristics of the system, the general procedure given below should be followed
in most cases:

(2). When an error is noted in the synchro system, determine if
possible whether the error is due to a "trouble'" or a misadjustment.
The criteria for making this determination are discussed in para-
graph 5-3.

(b). Isolate the source of the error as much as possible. That is,
where there is more than one receiver connected to a transmitter,
check all of the receivers to see whether the error shows up on all
or on only one; switch between two transmitters which can be con-
nected to a single receiver. (See figure 5-8. This illustration is a
schematic of both the azimuth and elevation synchro systems, which
are virtually identical.)

(¢). Individually check the adjustment of each of the units (trans -
mitter, receiver, control transformer, and synchro line amplifier)
to determine which is a possible source of the particular error.
Careful adjustment of the individual units should correct the majority
of system errors. Individual check and adjustment procedures for
synchro transmitters and receivers and control transformers are
given in paragraph 5-4.B.(2)., (3)., and (4)., and procedures for a
synchro line amplifier are given in paragraph 5-4.G.
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(d). When all of the individual units involved have been properly
adjusted and the error still persists, its source must be in the con-
necting cabling. An error arising in the cabling, so long as it is
constant at all angular positions of the synchros, can be compensated
for by introducing equal and opposite errors into the synchro re-
ceivers. Thus, when individual adjustment of the units of the system
does not correct the error, system alignment should be made as
follows:

1. Do not change the synchro transmitters or synchro line
amplifiers; i.e., leave these units as they were set in
accordance with the individual adjustment procedure.

2. Set the device mechanically coupled to the transmitter to a
known position (azimuth or elevation).

3. For synchro receivers, loosen the screws which hold the
case and with the synchros energized (115 VAC applied) turn
the case so that the receiver indication is the same as the

position of the antenna.

The case of the synchro receivers on the acquisition data
consoles cannot be turned; the pointer must be turned on
the rotor shaft. Refer to the note in paragraph 5-4.B. (3). (a).

4. Before adjusting a control transformer to compensate for
errors introduced by interconnecting cabling, be sure that
changing the setting of the control transformer will not intro-
duce an error into the positioning system with which the control
transformer is associated.

C. SYNCHRO REPAIR

(1). REPAIR PROCEDURES

(a). Itis recommended that major repairs on synchro devices
(transmitters, receivers and control transformers) not be attempted

in the field. However, minor repairs such as replacing broken
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pointers or dial plates and repairing broken connections (where
wiring is accessible) can be made. For information on replacement
of defective parts or gaining access to internal wiring of synchros
on the acquisition data consoles, refer to the disassembly and
assembly procedures below. For information on other synchros in
the acquisition system, refer to the applicable equipment manuals.

(b). When there is a question as to whether a synchro is defective
and requires replacement, the winding resistances should be checked.
For the synchros on the acquisition data consoles the d-c resistance
of the stator windings (S1-S2, S2-S3, and S1-S3) should be about 96
ohms at room temperature, and the d-c resistance of the rotor
winding (R1-R2) should be about 85 ohms, also at room temperature.
For synchros in other equipment, comparable d-c resistance
measurements should be obtained. (When a resistance measurement
is doubtful, it is a good idea to compare the resistances of
corresponding windings in two identi¢al synchros, or two windings

of the same synchro.)

DISASSEMBLY

The disassembly procedure described in this paragraph applies to

the synchro receivers on the acquisition data consoles. See figure 5-9.
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(a). Dismount the synchro from the panel by removing the four

mounting screws and nuts.

(b). Remove the eight screws which hold the bezel onto the front
housing. Remove the bezel, dial plate and gasket and set them
aside.

(c). Pull or pry the pointer off the end of the rotor shaft. As
shipped from the factory the pointer is secured to the shaft with a
drop of glue, and considerable force may be necessary to break it
loose. However, the pointer is fairly delicate, and care should be
exercised not to damage it during removal.

(d). Pull out the retaining ring and remove the dial.

(e). Remove the four screws which hold the front and rear housings
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Figure 5
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together. Remove the front housing and "0'" ring. With the front
housing removed, only the wires from the connector to the synchro
itself hold the synchro in the rear housing. Do not hold the rear
housing in such a position that the connecting wires support the
weight of the synchro.

(f). Remove the four screws which fasten the connector to the rear

housing.

(g). Pull the connector as far away from the rear housing as the
wiring permits and unsolder the wires from the connector pins.
Drop the synchro itself out of the rear housing. This is as far as
field disassembly should proceed.

(3). ASSEMBLY
Assembly of the synchro receivers on the acquisition data consoles is
the reverse of the disassembly procedure, except that particular attention should be
paid to the pointer. Be sure that the pointer is replaced at the proper angle on the
rotor shaft (refer to paragraph 5-4.B.(3).), and if necessary crimp the pointer.
Be sure that the pointer is replaced at the proper angle on the rotor shaft (refer to
paragraph 5-4.B. (3).), and if necessary crimp the pointer socket slightly to obtain a

secure fit on the rotor shaft.

D. 28 VDC POWER SUPPLY
The acquisition data console 28 VDC power supply comprises two principal_

parts; one is the control circuits, and the other is the dual power supply. The con-
trol circuits consist of relays and diodes, on the relay chassis, and the switch
assemblies (with indicators), on the acquisition data panel. The dual power supply
consists of a front panel (with a switch, fuses, and a power-on indicating lamp) and
power supplies number 1 and 2, each of which in turn consists of a power supply unit
and a filter unit. This paragraph describes adjustment and repair procedures for
the control circuits and for the dual power supply. Since it is unlikely that a single
trouble in the console will affect both power supplies number 1 and number 2 and
their associated control circuits, the repair procedures are based on the assumption
that only one power supply and/or its associated control circuits is malfunctioning.
If neither power supply is operative, check switch S6201 on the dual power supply and
check the primary power, 115 VAC, to the console.
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(I). CONTROL CIRCUITS
The following procedure is applicable specifically for checking and
isolating trouble in the control circuits associated with power supply number 1. With
appropriate substitutions in the reference designations of components, terminals,
etc., the same procedure is applicable to the control circuits associated with power
supply number 2.

(a). With switch S6201 on the dual power supply in the off position,
connect a temporary jumper around blocking diode CR7001. The
purpose of the jumper is to connéct 28 VDC from power supply number
2 to the control circuits of power supply number 1.

(b). Remove plug P6201 from jack J6201 on the dual power supply.

(c). Turn on switch S6201 on the dual power supply and depress
switch S6007 (Coopers Island) or S6005 (Town Hill) on the acquisition
data panel. Power supply number 2 is energized and 28 VDC is
applied to the control circuits of power supply number 1. If the
power supply number 1 control circuits are functioning properly, the
green indicator lamps in switch S6004 (Town Hill) or S6006 (Coopers
Island) on the acquisition data panel will be lit, and the switch when
depressed will stay depressed, connecting 115 VAC to pins A and B
of plug P6201 (measure with a voltmeter). Failure to perform as
described indicates that the trouble is in the control circuits; proceed
as follows to isolate the trouble.

(d). With a voltmeter measure the voltage across zener diode
CR6003. It should be 18+1 VDC; if it is not, the diode is defective.

(e). Check the coil and contacts of relay K6001. The coil should
have a d-c resistance of 1000 ohms. The contacts can conveniently

be checked by measuring the voltage drop across each pair that should
be closed; there should of course be no voltage across closed contacts,

(f). Check the coil, contacts, and indicator lamps in switch S6004
(Town Hill) or S6006 (Coopers Island). The coil chould have a d-c
resistance of 480 chms. Check the contacts for voltage drop across
each pair that should be closed.
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DUAL POWER SUPPLY

(a). ADJUSTMENT

The individual power supplies. in the dual power supply should be ad-
justed so that at the maximum normal load imposed by the console
and with the prevailing a-c line voltage input to the console, the out-

put of each power supply onto the console 28 VDC bus is as close as
possible to 25 VDC. With a given a-c line voltage, a d-c output
voltage within the range of 24 to 26 VDC normally should be obtain-
able. If only the extremes of this range can be obtained, the output
voltage should be set at the higher end of the range. Also, the power
supplies should be adjusted so that with extremes of line voltage
fluctuation and with d-c load variations from minimum to maximum,
the d-c voltage output of the dual power supply is in no case greater
than 30 VDC or less than 22.5 VDC. Voltages greater than 30 VDC
are likely to overheat and thus damage the color filters in the con-
sole indicators, and any voltage less than 22.5 VDC may not be
sufficient to operate the power supply control circuits. The curves
of figures 5-10 and 5-11 are provided for reference in case it is
necessary to adjust the power supplies with an a-c line voltage other
than the prevailing one or with loads which differ appreciably from
the normal maximum. The curves of figure 5-10 include the effects
of the power supply control circuits and therefore apply when the dual
power supply is in the console and voltages are measured on the con-
sole 28 VDC bus. The curves of figure 5-11 apply when the control
circuits are disconnected and voltages are measured right at the out-
put of a filter unit (terminal board TB6203 or TB6204, pins 3 and 2)
as when the dual power supply is on the bench. For an a-c line
voltage near 115 VAC, transformer secondary connections to ter-
minal board pins 2 and 4 should provide the proper d-c output voltage.
(The maximum normal load is approximately one ampere.) For other
a-c line voltages, the curves of figures 5-10 and 5-11 show the
transformer secondary connections which should produce the correct
output voltage. Proceed as follows to check and adjust the power
supply output voltages when the dual power supply is connected to the
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console for normal operation. The procedure for checking and ad-

justing when the dual power supply is on the bench is essentially the
same as the following, but the details of the on-the~bench procedure
will depend on the particular test setup used:

(b).

1. Energize power supply number 1 by turning on switch
56201 on the dual power supply and depressing ''28 V SUPPLY"
switch S6006 (Coopers Island console) or S6004 (Town Hill
console).

2. Apply maximum normal load to the power supply by
energizing as many switches, indicators and relays as can be

energized at one time.

3. Measure the voltage output of power supply number 1 on
terminal board TB6001 or any other convenient place on the
console 28 VDC bus. (See figure 7-1 or 7-3.)

4. The output voltage of the power supply should be as
described above (24 to 26 volts with the prevailing a-c line
voltage supplied to the console). If it is not, adjust the
voltage by changing on terminal board TB6201 the connections
to the secondary taps of transformer T6201. By changing
these connections, the d-c output voltage of the power supply
can be adjusted over a range of about 14 volts in steps of
approximately two volts. Moving one connecting wire between
TB6201 terminals 3 and 4, 4 and 5, or 5 and 6 increases or
decreases the d-c output by about four volts; and moving the
other connecting wire between TB6201 terminals 1 and 2 in-
creases or decreases the output voltage by about two volts.
(See figure 5-12.)

5. Turn off power supply number 1 and repeat steps one
through four with appropriate changes in reference designations
for power supply number 2.

REPAIR

Correction of a malfunction in the dual power supply can be affected
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Figure 5-12. Power Supply Unit Terminal Board

by conventional trouble shooting and repair procedures. Check a-c

and d-c voltages and check continuity of power transformer T6201 or
T6202 and filter choke L6201 or L6202. See the dual power supply
schematic and physical wiring diagrams, figures 7-56 and 7-6. For
location of parts on the power supply units and filter units, see fig-
ure 5-13. Normal a-c voltages for the power transformers are
shown in table 5-II. Bear in mind that two switches are in series
with the primary 115 VAC power to each power supply in the dual
power supply; for power supply number 1 these switches are S6201
on the dual power supply and S6004 (Town Hill) or S6006 (Coopers
Island) on the acquisition data panel; for power supply number 2 the
switches are S6201 on the dual power supply and S6005 (Town Hill)
or S6007 (Coopers Island) on the acquisition data panel. Bear in
mind also that in addition to the fuses, F6201~F6204, on the front
panel of the dual power supply, there is another fuse (F6205, F6206)
on each of the power supply units (PS6201 and PS6202).
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Figure 5-13. Power Supply Unit and Filter Unit, Parts Locations

TABLE 5-II. NORMAL POWER TRANSFORMER VOLTAGES
(T6201, T6202)

Terminal Board Approximate
TB6201 or TB6202 Pins RMS Voltage
1-6 28
2-3
1-2 1.5
34
4-5
5-6 3
7-8 115
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E. RELAYS

(1). All of the relays used on the acquisition data consoles are hermeti-
cally sealed, and no maintenance or repair is possible. When one of them becomes
defective, replace it. To ascertain that a console relay is defective, check the

following:

(a). Coil resistance: D-c coil resistances should be as shown in
table 5-II1.

(b). Contacts: With all power off, check continuity between
normally closed contacts. With the suspected relay energized and
voltage applied across the contacts, check for voltage drop across

normally open contacts. There should of course be none.

(2). For detailed information on relays in the acquisition system outside
the acquisition data consoles, see the applicable equipment manuals, listed in table

1-1I.
TABLE 5-III. ACQUISITION DATA CONSOLE RELAY COIL RESISTANCES
Coopers Island Town Hill Console
Reference Approximate Reference Approximate
Designation Resistance (Ohms) Designation Resistance (Ohms)
| K6001 1000 K6001 1000
| K6002 1000 K6002 1000
K6003 200 K6003 200
K6004 200 K6004 200
K6005 200 K6005 200
K6006 200 K6006 200
K6007 1000
K6008 1000
K6009 1000
K6010 (note 1) 10.5K
K6011 (note 1) 10.5K

Note 1: Diodes sre in series with the coils of relays K6010 and K6011. Hence,
polarity must be observed when measuring the resistance of these
coils with an ohmmeter. (See figure 7-1.) The resistance given in
the table is that of the coil plus diode forward resistance.
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F. SWITCH AND INDICATOR ASSEMBLIES

For a description of acquisition data console switch and indicator assem-

blies and how they work, refer to paragraph 4-2.C.(3). and figure 4-5.

(1). INDICATORS AND OPERATOR-INDICATOR UNITS
Maintenance of indicators and the operator-indicator unit portion of
switch assemblies consists simply of replacing loose or defective lamps and color
filters. Replacement of these items is most easily accomplished with the use of the
special lamp-filter tool, figure 5-15 (Microswitch part number 15PA19).

(2). COILS
The coil portion of switch assemblies can best be checked by ob-
serving the action of the plunger. When the plunger is depressed and the coil
energized, the plunger should remain securely in the depressed, or actuated,
position. Also check the d-c resistance of the coil. It should be about 480 ohms.

(3). SWITCHES

The operation of the switch portion of switch assemblies can be
checked by seeing whether all of its contacts make and break properly as the coil
plunger is depressed and released. Faulty or intermittently faulty operation of a
switch section can often be corrected by adjusting the amount of bend in the small
arm which actuates the individual switch section plunger (as distinguished from the
main, or coil plunger). When the operation of a switch section is faulty and cannot
be corrected, the entire switch portion of the switch assembly must be replaced.
However, some of the switch assemblies on the consoles have spare, unused sections.
Where a spare switch section is available, it should be used in place of a faulty
section instead of replacing the entire switch portion of the assembly.

G. SYNCHRO LINE AMPLIFIER
This paragraph covers two procedures for adjusting the synchro line

amplifiers; one is an on-the-bench procedure whereby the amplifier can be adjusted
independently of any synchros, and the other is an in-system procedure, which in
some cases will be more convenient to perform or may be necessary for touching up
the adjustments. However, of the two, the on-the-bench procedure usually will pro-
duce the more satisfactory results; it is therefore the one which normally should be
used. Both procedures described apply to both the azimuth and elevation channels
of the synchro line amplifier (the two channels are identical); thus, for complete
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adjustment of the amplifier, the procedure used will have to be followed twice, once
for the azimuth channel and once for the elevation channel. For synchro line
amplifier trouble shooting and repair procedures, see the applicable equipment
manual, listed in table 1-II.

(1).

5-38

BENCH ADJUSTMENT

(a). Connect a variac (General Radio Type W10MT) to the synchro
line amplifier channel which is to be adjusted. Connect the variac so
that 78 VAC can be applied to the amplifier between pins C and A-B
of jack P1. (See figure 5-14.)

I WARNING |

Be sure to connect the neutral (synchro R2 winding) side
of the 115 VAC power to pin C of jack P1 on the line
amplifier. Connecting the "hot" (synchro R1 winding)
side of the 115 VAC power to pin C of P1-would put 115
VAC directly on the chassis of the synchro line amplifier.

(b). Before the synchro line amplifier is turned on (by means of
switch S1 on the front panel), adjust the output of the variac for 78
VAC.

(c). Turn on switch S1 of the amplifier channel to be adjusted and
allow about 10 minutes warm-up time before proceeding with the
adjustment procedure.

(d). With a voltmeter (Hewlett-Packard 400D AC VTVM or 410B
VTVM) measure the output voltage of the line amplifier between pins
G and J of jack P1.

(e). Adjust calibration potentiometer R37 (on the front panel of the
line amplifier, figure 3-5) for exactly 78 VAC on the voltmeter.

(). Reconnect the voltmeter between pins H and J of P1 and adjust
calibration potentiometer R38 (on the front panel of the line amplifier,
figure 3-5) for exactly 78 VAC between these pins.
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Figure 5-14. Synchro Line Amplifier, Bench Adjustment Setup

(g8). In order to balance the amplifier output precisely, reconnect
the voltmeter between pins G and H of P1 and adjust either calibra-
tion potentiometer (R37 and R38) for a null voltage reading. The
amplifier channel is now properly adjusted.

CAUTION |

Although there is little potential difference between pins
G and H of P1, both of these pins are at 78 VAC with re-
spect to chassis ground. Use care when connecting the
meter leads.

(2). IN-SYSTEM ADJUSTMENT
In-system adjustment of the synchro line amplifier consists of con~
necting a synchro transmitter to the input of the amplifier and adjusting:the amplifier
so that its output is the same as the output of the synchro transmitter. Any synchro
transmitter which is normally connected to the synchro line amplifier can be used as
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the reference for adjustment, and in some cases the best system performance may be
obtained if the adjustment is made with a normal load on the amplifier; i.e., with
normal, operating connections made to the amplifier output. If difficulty is encounter-
ed in obtaining proper system alignment, the amplifier should be adjusted with normal
load on the output and with no load on the output to see which method gives the better
results.

(a). Apply power by means of switch S1 to the synchro line
amplifier channel to be adjusted and energize the synchros connected
to the line amplifier. Allow the amplifier to warm up for about 10
minutes.

(b). Set the synchro transmitter which is connected to the input of
the amplifier to exactly zero degrees.

Note

When using this procedure, the accuracy of the synchro
line amplifier adjustment is dependent on the accuracy

of the synchro transmitter used. Therefore, be sure that
the synchro transmitter has been properly adjusted.
(Refer to paragraph 5-4.B.)

(c). With a voltmeter (Hewlett-Packard 400D AC VTVM or 410B
VTVM) measure the output voltage of the line amplifier between pins
G and J of jack P1.

(d). Adjust calibration potentiometer R37 (on the front panel of the
line amplifier) for exactly 78 VAC on the voltmeter.

(e). Reconnect the voltmeter between pins H and J of P1 and adjust
calibration potentiometer R38 (on the front panel of the line amplifier)
for exactly 78 VAC between these pins.

(f). Reconnect the voltmeter between pins G and H of P1 and adjust
either calibration potentiometer (R37 or R38) for a null voltage read-
ing. The amplifier channel is now properly adjusted.
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Pins G and H of P1 are at 78 VAC with respect to chassis
ground. Use care when connecting the meter leads.

H. SIGNAL STRENGTH METER CALIBRATION
To calibrate each of the signal strength meters on the Town Hill active

acquisition aid control console signal strength meter panel, proceed as follows:

(1). Connect an r-f signal generator to the telemetry receiver with which
the meter to be calibrated is associated. (Refer to the Telemetering System Manual,
MS-106, for further information on the signal generator and telemetry receiver.)

(2). With the telemetry receiver in operating condition and the signal
generator frequency set at the operating frequency (T1 or T2) of the receiver, adjust
the signal generator output level to 100 microvolts.

(3). Adjust SIGNAL STRENGTH METER CALIBRATION CONTROL R1,
R2, R3 or R4 (figure 3-7) until the meter with which it is associated indicates 100
microvolts.

5-5. LUBRICATION
Table 5-1IV is a lubrication schedule for all of the equipment in the acquisition
system.

5-6. SPECIAL TOOLS

The only special tool required for maintenance of the acquisition system is the
lamp-filter tool (Microswitch part number 15 PA19, Bendix Radio part number
A683836-1). This tool, shown in figure 5-15, is used for removal and replacement
of the lamps and color filters in the indicators and switch assemblies on the
acquisition data consoles.

5-7. TEST EQUIPMENT
Each piece of test equipment required for maintenance of the acquisition system
is listed in table 5-V along with a brief description of its application.
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Q
Figure 5-15. Lamp-Filter Tool
TABLE 5-IV. LUBRICATION SCHEDULE
Equipment Lubrication Point Procedure Lubricant Frequency

Acquisition Data |No lubrication - - -
Consoles required.

Synchro Line No lubrication - - -
Amplifiers required.

Active Acquisi- |Elevation Drive jAdd oil as needed. High grade SAE |Monthly
tion Aid Assembly Refer to equip- 10 nondeter-

ment manual. gent lubricating
oil,
Azimuth Drive |Drain water from sump | High grade SAE Weekly
Assembly add oil as needed. 10 nondeter-
Refer to equipment gent lubricating
manual. oil.
Antenna Control [Clean and re-lubricate | High grade SAE [As
Unit gears. Refer to 10 nondeter- required
equipment manual. gent lubricating
oil and lubri-
plate,
Muffin Fans in |Lubricate with one or | Aero Shell No. Monthly
RF Housing two drops of oil. 12 (MIL~-1~
Refer to equipment 6085)
manual.

Synchro Re- Azimuth and Grease gears. Refer | High grade cup |Semi-
moting Trans- | elevation servo| to equipment manual. grease such as | Annually
mitter-re- encoder assem- MIL-G-3278A
ceivers. bly gear trains. or ANG-25.
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SECTION VI
PARTS LIST

6-1. GENERAL

This section comprises lists of the parts which make up the acquisition data

consoles and the active acquisition aid control console signal strength meter panel.

The lists are as follows:

. Parts List | Parts Location

Equipment Table Illustration
Acquisition Data Console, 6-1 Figure 7-2
P/N R651465-1 (Coopers Island)
Acquisition Data Console, 6-11 Figure 7-4
P/N R651499-8 (Town Hill)
Dual Power Supply, P/N R651470-2 6-III Figures 5-13

.and 7-6

Intercom Panel, P/N N654990-5 6-IV -
Active Acquisition Aid Control Console 6-V Figure 7-8
Signal Strength Meter Panel, P/N L654992-1
Miscellaneous Items 6-VI -

6-2. OTHER EQUIPMENT

For information on other equipment in the acquisition system, refer to the

applicable equipment manuals, listed in table 1-II.
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SECTION VII
MAINTENANCE DRAWINGS

7-1. GENERAL

The drawings included in this section are listed below. It should be noted that
those schematic diagrams which show connections or circuits involving two or more
separate pieces of equipment are not in all cases complete with regard to the internal
circuits of the equipment. For complete internal circuits, see the schematic dia-
grams of the individual pieces of equipment. The schematic diagrams of individual
pieces of equipment are included in this section or in the individual equipment manuals
listed in table 1-II.

Figure
Number Title Page

7-1 Coopers Island Acquisition Data Console, Schematic Diagram 7-3

T7-2 Coopers Island Acquisition Data Console, Physical Wiring 7-56
Diagram

7-3 Town Hill Acquisition Data Console, Schematic Diagram -7

74 Town Hill Acquisition Data Console, Physical Wiring Diagram 7-9

7-5 Dual Power Supply, Schematic Diagram 7-11

7-6 Dual Power Supply, Physical Wiring Diagram 7-13

-7 Active Acquisition Aid Control Console Signal Strength Meter 7-15
Panel, Schematic Diagram

7-8 Active Acquisition Aid Control Console Signal Strength Meter 7-17
Panel, Physical Wiring Diagram

7-9 Synchro Stator Circuit Connections between Active Acquisition 7-19
Aid and Acquisition Data Console (Cooper's Island), Schematic
Diagram

7-10 Synchro Reference Circuit Connections between Active Acqui- 7-21
sition Aid and Site Power Panel (Cooper's Island), Schematic
Diagram

7-11 Synchro Stator Circuit Connections between Verlort Radar and 7-23
Cooper's Island Acquisition Data Console, Schematic Diagram

7-12 Synchro Reference Circuit Connections between Verlort Radar 7-25
and Site Power Panel, Schematic Diagram

7-13 Synchro Circuit Connections between FPS-16 Radar and 7-27
Cooper's Island Acquisition Data Console, Schematic Diagram

7-14 Synchro Stator Circuit Connections between Transmitting Ante 7-29
and Cooper'sIsland AcquisitionData Console, Schematic Diagram
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Figure
Number Title Page

7-15 Synchro Reference Circuit Connections between Transmitting 7-31
Antennas and Site Power Panel, Schematic Diagram

7-16 Synchro Circuit Connections between Cooper's Island and 7-33
Town Hill, Schematic Diagram

7-17 Synchro Stator Circuit Connections between Active Acquisition 7-35
Aid and Acquisition Data Console (Town Hill), Schematic
Diagram

7-18 Synchro Reference Circuit Connections between Active Acqui- 7-37
sition Aid and Acquisition Data Console (Town Hill), Sche-
matic Diagram

7-19 Synchro Stator Circuit Connections between Receiving Antenna 7-39
and Town Hill Acquisition Data Console, Schematic Diagram

7-20 Synchro Reference Circuit Connections between Receiving 741
Antenna and Town Hill Acquisition Data Console, Schematic
Diagram

7-21 D -c Indication Circuits from External Equipment (Except AAA) 743
to Cooper's Island Acquisition Data Console, Schematic Dia-
gram

7-22 D — Indication Circuits from Cooper's Island Acquisition Data 745
Console to External Equipment, Schematic Diagram

7-23 Circuits of Active Acquisition Aid Interlocks and D-c Indications | 747
to Acquisition Data Console (Cooper's Island), Schematic
Diagram

7-24 Active Acquisition Aid Antenna Safety Circuit, Schematic 749
Diagram

7-25 FPS-16 Slaving Interlock Circuit, Schematic Diagram 7-51

7-26 D -c Indication Circuits from External Equipment (Except AAA) 7-53
to Town Hill Acquisition Data Console, Schematic Diagram

7-27 Circuits of Active Acquisition Aid Interlocks and D-c Indications | 7-55
to Acquisition Data Console (Town Hill), Schematic Diagram

7-28 Signal Strength Indication and Audio Monitor Circuits, Schematic| 7-57
Diagram

7-29 Acquisition System Interconnecting Cabling Diagram 7-59




9-L/9-L

(2 10 T 199Yg) weaSerq
Buratp 1eoTSAyYd ‘o10Suod BIRQ UORISINbOY puris] siedoo) ‘*g-, eanSid

SISSYHD 40 3GiS 401 WOHS 0IMINA

. 1f——9-281—
W 1 ——— § —— t-6iBk)
[ ~i1e— sssox S8 —— G20l
§il——G-E1—
il ——— 0850~
| st — 550 1A E O £~
a3 gl RN
- 69 ZE8—]
=Da® 6l £
& I EETEN
= _ . -
BB p—rt—] oo [ o o (oo "
olul.slzg o- wm_.l_amﬂu O—ot—62— 1628l TN —h—— (d—f0—0 " =N
(SISSYHD AV13H 40 0L WONS CIMIN) i om0t — sl?_mw o —ld— RISt Oro O} ——08§—2-6281—| 692~ 0-1024—| NN_|m.§|)/\|NNm|N.zelczO ~08——9-l¢—o~0 \|M_~__|¢..m — 86— 2381 |
o1 ONY 8403 £ 04 ool t1—gh15| | 0e-0] g OB~ L0 S8h——bo o — Ife—£-6281 z i ¢ |~ el OO I — S | 28— (0O — 65—l [/~ FHI—efd — 681 ——£-981— |
INIWIONVEY Nid WOIAL i z 56181~ ﬂ [ o—— iy
oeol—p—02—] |0=ot—2%——SKlK~], 90— 8980~ o —ziE—-628i— - = U FBI] - rt— vl —o~ 899 | 16— ¥ —fomoy - t—fl— [ — 861 —— 1160 — 08— b-g8L— |
Lo —ON- e — L et—g- L bl ——— 95181 o —8
ool—S—WB—~] |o £6— 850 OenOf—F88— G628 S P g0~ a0 661 —— ¢-29—0e0 o1 —— .63 — 19 —— §-GHl— |
— oM 020 Y — gli—— GG
om0t ——0ka—|  |omol—ss—owis] | [omor s st = o p.mﬂl)/\émlo.zeloeo | 561 — 9-2—100 ﬁ [ 08— 664 —Yo0f— 29— 9-081—
Y g gt 2|
R T . o~of— 14— jo~or—r—e250| \|mTlm.__El.W.oiQIIEIZNs) g LU | -~ L6 — o~ OT -l — I~ ~ 88l —— 20O — i — I 0-0
sOL— §9——ON- - — — o= o958 —8- MmN
O=0oT—8—WN-65—] |0 86 —Se0~{, ¥ —tllil—ro @ 9ee—8-6281— $E) ——E-blB 1] — 828 —8-1281 — 0= OF— 90— b-L8t— |~ 88 —— B-24—{0eo A B — b-38l—| 00
PRUEY = 2 B 7 8l —— b1 — — -
S «@ = 2 wm_lw.aﬁ) -4 = @
2 i — TN &
I Gl ——— SH8L—
wo1108 2 1335 T & v 3
0o O [e} q |L[4 lxc@z_;s P _ P —
o o ¢ 9 - T [— —
o o o |f
o o o |¥ s 16— 9-18 P —g8 — 508 1—
7 0N 0N 92— 6-0281- © m.m|T__=H) R 20— 66501
4ol T £ — S 281 = @ — 5 N e = O—9-0881— T 66--068L: s
IS NUHLIS SIHOLIMS 40 SNOLWNOISIO 3ONI¥3SI NOLLOIS ¥ 292— 10281 © @95t =2 |1 & 2 615 -1630—1 B O -tHa— P 162088 E) O ..
UMM BN JWV STYIM W 0303S ISIMEIHLO SSINA € = 8 —S- NIl —2-5y g G—-60—] > <
= 0-5-088 1 — |\ 96-1-0¢8L:
SNIWNIL OL INIOVFOY 001 V3N ¥ NI 0355340 M A9 — a5 o° 2 o6— 1681~ ] Q- 9
SSIOKT HLIM AWSSIOIN NWHL MISNOT HON 3NO e _ - Sl N L & b 001-5-0gg1—] 860881 B
3 0L STV 40 10 INIWVIME SIWM TV 2 z = g U~ N giz—-45—
“SH31311dWY S g 197 — 481 A _ & g
N OUHOMS LdIOK LMD SIHL z 7 = 092—S-big1—~} 2 NP,
N SNOLVNOISIO 3ONBWIIZ¥ TWW 0L 0009 0OV 1 @ < 652—9-Hidt—] A _ —— odel]l
v 30 sion | E 7 5 | —3¢—2-281 y H oo
(ON3 3034 WO4J C3IMIIA SV 1) E - | —s—+b-2m & @@ 07— N-ps— T 88 — S0 < NP PP =
£181 ¥V3N 031¥007 SAYT3Y = 2 |eo | — l6—£-208t = &) & o1 —iesni— ] 1] ® 9b1-1-8281——0p-2-0241-
- = = z @@@ Il:nwle..zk 2 (90 ’ OO\g
2 z 2 |eot— L g < ¥5—2-t = = BT
18— 9810 8 I S oIt ; _ z =32 77 [ - = L © @ shi-sa2a— P61 ©
L ﬁ : g A — LSl = El A e N S =/© ON-s—em—| z obl--gaa1—A—Ib1-b-821 =
I |~ L 18l—§ge—0 L Of = ﬁohoAlg_|<.:i 5 D iz—orss = | 22 |wo 08— 88— \IMWN E =\© ©0— i
. _ — (N~ ||/ =2 \' aiued -
- £ |-o 10— Y R — 2 —
18— be—0 9 W | o o § Of—101—-8i © @—z— oh-15— MMNNA %ﬂ) £ H—| [ -se—v0 2 £ ___E)(z - . _
2 z — -0 - <
@mwnl_ _ ] 82— +it0— ool ! N HIBE [\ sz — -6t B |
| ~s-18—sse—0 5 0 @Q@w 0 § O 00— (-84~ 2 _ s—r o2l = w@s 2 » t ,W 62O\ |
@ 0] | o I | — i2—v-2024 = A 850 |\(Q|Z_E - =@ ®)
|- -13—ass—o vo _ @ W, o » o 85 —g-64— s §92— 1681 N g N di — 19— ezl 5 e /
AP @ @m , N ©Sy-m—us~| | £=2(O ™ _ _ \-90—s-a— B ol =N . @ EN—s—13811 -
Ve —ig—o ¢ ol T1 0 ¢ of— 66 —¥-6d 5TE < Ly = — i — NS
é h O S —m—okss— z MMMH_MMW) 7 _ ﬁ 7 Em lic i 2 & _/ z © €55t~ P—e0—950¢ »
|~z —o—o ¢ 201 16 — 184 s w—+ai—| _ = 7t gl AL 3 £6—5-681—\_g9c-gal g 5
- - Ie2 N [\ 10—y Nt — 101 [ g g
— i - 91— 630
\|_.E|§IW I O | o= 96 —0-Gd—~] /nm“_llw___wl ) — p9—p-88L
T L : | N — ] Wslz_e
\é.@'&io 9 Q|_ I § ol 6h—18-bd— # ) Neso— b 28— 2-0 T e
|~ 19l —— 12 —o L of AN RS EPRIEY . C - _ |_ — | _
| ~9-981— 9260 9 Of on e o 9 Of— b9l —0-4d ] H Ll LILLIITIILL
® O3 2 13 — N $F  ECEE8EEFEE
— -6l o P POLET L —
| -5-981—s%—0 § © O @O~ H soen—0i—| | N0 GITNLIND 00 N 61— -] o B— b - — 0 — 086 ——0-tld— T o—otB—0—~] o—ot—0—s-y—P-a—sn—o—o
V N 07— 218l oro A —t—z Ol bG —— -l o0t 29—gs—]  |oreol—g9—gr .
I vsu—m—tos _ @ @ 7 C o b ol 1p1—ggd— _ v W30 139 [ om0 mlwmél\(ow Hl—o mmmlgﬂﬁ/lmmwimmw_% o4 9-bld OnoOT 2§ ~—— £50X o 69— 9FI—T 51 —8-hi—for0
(@ Yiodly” [\ ——roni— I te iz — o 0F— oo —ial e OF2§ ~———V-bld— R SlocspBEss  |owors— o] |omofu—aa—Pu —tn—towo
- —fEo £ o Sl ° Eor—t—¥-E~ _ Nz —2501—0~ f i a0 m|m_m.w_-n7:|a.~m =005 —— 8-414—1 | | NN U ¥ o=0r19-— 6550~  |o=01-t1—0-— b1 —dti—{o=0
N — cgm1—| g A2 —o- L 6p —— g-51i—A \
290 —w—o 2 2 of— b1 — -t /|m £6181— 0w m'ﬂﬁU £ —GIB—toe %M|_%_%m|\ £2—-2L wor-bb 0-€ld — 9990 o % wa < _ 001 69—0950—]  [oen m“»..wU\(slwzléco
y—rga—jo m'lu”uu(xlw.__a 1§ —98k iz —o 28 011§ —— 64—’} @000 © o o © 0sor9—9-2~] |omof o nioi A —B—b-ti—0=0
o | reRl—eg—O | ! OTEIET “ N—g—— -5 —0~ g[e.:..w(m|~.w_=LHél " N ~01—85——y-5ld—/] 2 ,A otimsli_ek 10~ w_mlzwmn\\ 00
AL [ Li—— -9¥ , o - -
_ \ — — — ' v INOd — §——§-G1A1—}OerOF— 8 G-P "= 03— YO OF— O — -9~ —22— -2l 95— §-fld—" N o= s °=0
- ) ,w g 2 s 2
= = = ;
> . o ~ . ‘w
——— —
!
i
|
IIA uUonoeg SIT-SNW A
|
|
|




8~L/L-L

(2 Jo Z 199Yg) weaSeiq

Burayp 1eotsdydg ‘erosuo) ejeq uonisinboy puers] siedoo) *zZ-) 9amSig
— — 0-Li— 82
o—o o_o o_o o_ot—EI2— 0-lld_, 0bS0X— n_dxfo -6~ S22 _o uo.w_u| me _o
ore0 o0 0n0 00— 12— D-1ldn |, 2680X— 612—+0, 0 |~ 9-6d— £22—0,.0 ¥ i-aid— 152_Po,0
0w0 0,0 0.0 1-1281— 902—0, 01— 22— V-lld | , 18500 — 022—fo 0 |- ¥-6d— v2z—o od—0s2— 10281}~ u..m_uH Mmm -y
“ o0 0,50 0.0 8-1281— 1021-b0 o+—012— 8-Ild\ | , 2950X— 1220 0 | ~8-6d— 2220 oq Iez—8-0281 Wm-zi o] {
owo 000 0,0 oLot—ble= 0-21 ], 99501— siE—o 0 0-0d— 62200 sl 510w _
00 0,0 0,0 045,01+—§I2— 9-214 osonul 99— 9-881] , 9-014— 12200 \xo.%_ul mm .0
S a-ald—
o0 om0 o0 g-ng1— sTmuoL?l Liz—y-21d 0o 1810181 ¥-0ld— 822—0_oA-902—E-RBIN] V-84 — s5z—po~. ] 0825
r-9id— 292
1181 — 602—POcmo{— 92— 8- o I —ON-5S<{  8-0ld— 922—t0ecq— 102 —1t-£281 0O 152 —4-
om0 omo owo #1181 — 602 =] 9iz— 8-21d 0197 g 4 ml 102—t- AT - 162 —b-1z8L
g & = & S =
(
011—2-8191
&-z28l— i = g So—el = Siz—9-£281 N e-c281— 212 -
2850 — e~ & £ (OO —aaPemi— 11—\,
g = =
\ g = B P\@E@ — - -en P eal— e— 9O /7
= 2 =
L1— p-118) ! B & 82— 8-¢81 = 12— G-£281/ [ p-£281— 012
81— ¢-LIfL & = 12— £950K SH30— 162
= 60— 9-1181 = g - _
“ 2 | | p-8181— 21t - % [
2 &
z | | 47— 150K - e-081— it
= fl2—2-2281
@ 102— b-5191 gl = ez < 122— 942817 ¢-1281— b22 .
mv w = =3 ©
g £0¢— 5-6181 - = & O 22— 112917 2-1281— £2—FO
g P o -
c 80z — 9-618) ~ _ o = S\EEF— 52— 8-126817 1-1281— RO J° =7
z = _ € & b2 9250y 2 622— g-281 7 b-1281— 222 2 =S
ES pLl— 1-1181 _ o3
2 L 0b7— 950K - 22
s Sl1—2-1181 = £-2281— 022 = ==32 Z=
= 9U1—g-L18L | 9950X— lg 2 x TEZ. - R
| y-2281— 122 ~ 2 ~=3z 2 =
- 181— 2-6 650X — 042 = _ EEEH E
| = | - 8 =B o zgy ! S%z= >
2 z = Sz==2
z f12— 1-9181 & & - e o ~s =
z it N g s scz—9-0281" | Ng-0201— g2 3 <
= 161— Z-818t m = (O ssr—1-028 P -teal— e—FOE
e 45— 8b2 g 2 } 8 =
661— £-GI8L\ \\ P 1 = @@ — sre—e-02817| ™ 10281~ 2O
- s 3
Lie— 8-6ial N-£5— 92 4 5 2 182— 502817 > y-0281— 22
|~ -85~ 6ve = pre—s-ai8
81 50X— §b2 o 21y
98— &-6¥
\, J 1
\ L 74 /
;- —8-UBL AN g1 — goc 1801817\ g g1y — 207 |
Y LIERITS N 16— 1=p8 N TN O _
[ o—of—oze—owes ]\ wsox— 91— o]  [o_ol— bii— 9-14 o q—i-a/ N Y T N o
26191 891 A i—g-ngr NS L6 g51— 2-pgr N & Sld— vse
e oreo1— G91— 1-007 | 9p50k— 0sl—fo 0| | om0 G11—H-Bid 0, §-91d— 161 PO N T
ey i G-9191— 962 9-6id— €62
ovot— 99— 1-8/ N east— wi—o_o| |owoi— su— r-aid s OO 00E— I"SIBL7IN 5_gy4 — 61 86I— =081 AN ¢y oy pg1POLO
ol - 1 . | —e- o_o 9-918l— 90¢ b —9-E1 ANy gy 19710 o
ool 19— -4\ p9s0x— 2li—o.0| |onot— tii—9-nd 0% 162— 28 N = o 091—b-581 I\ g ey — 16 PO~
Ocnac— 891—9-8181 — b2 0 01— 8ll— H- 62 50%——¢8l %N Q- 9181 pog S—LEBL7AN g4 9o,
g 620X — v92 Te° O B WL NPT e = 062 £-6181 N\ g ) 1y — g0z 191 —G-b8L 74N ey _mN_
oot 19— 1-8917 N e-gig1— s_lnwveo 0001 61— t-114 CaN_ ™\$-9181— 20¢ 9—g-6181 K 9-91d — 6527
e o
o—o N ssax— 8= °~° o~0p= 081—1-9i8 = o\ 06— ¥ SBLTN o i— c0z 291 — 9-bAL b-B— 607 o_o
om0l pal— ¢-837 \ goifl— e ) - N p0E— -S1g1 92— I-181
vBI— -9\ e-lgl— 8500 | | a0 — 181 —2-9181 [Ng g1 4y °u) e Lol 0.0 |
2 e 3 PESTX——38! &\ 208—g-gi0L 2
= = = - = 82— 2-181 = |
12— d-8id
z
08 S0X-—981
9650x—181
IIA UO1309g ¢II-SIN




0T-L/6-L

wexdey] oNBWLYDS ‘9[osuc) eje(d UOTISMbOY [[IH UMO], °*£-} 9xn3rg

“sng o HIMO0d dYUM 2180 13AV1S IVINYW dYYM 218¥0 0Ly @S WWINYW
L 4

¥IV £ ONYZ S3LON 33 TR TNV ¥AOY NV HADY "INV §AOY VY 1] [ ¥
WOLLISOd GIZIOU3NINA NI NMGHS SKYT34 ONY SIHOLINMS 11v° o . . b N LY i M
(WAL 2250 B T — i o — r 2650 mwg AW 2150 v1sa 256 950 850 ST
o o o s 1250 “ 6150 __ 8150 “ _ 1£50 €50 : 1156 €150 150 580 150 )
YS! , 14— oa szt i
o o o as | WNw | Su34009 | | 5t |
£ qIy
o o o gls _ & | s | | ? NOLLISIN02Y
gno.\oﬂ]/...y Vs 1 _ _ _ g DY WoN3
0s Ll s
_ o | = I | i
‘63 HONDNKL IS STHLIMS 40 MIIA ¥¥34'2 _ Y WY | ,
“SHIIHITWY. 3NIT ONHONAS Ld30N3 o p ] YNNILNY
LING SIHL NI SHOLLYN9TSIA 39N34343Y TV OL 0009 Q0¥ 1 | | | INIARITY
—S310N _ |\N\ 0£3 | v! 851 | _ 8IS | Jr woyd
“ L~ :w_ i V! ws _ “ | QA6+
[ D W0AET k i
| L | 4 | | |
N A [N N D | (- i |
‘
“ W3ISAS INLLOW3Y ;
SYO0THILN SNIAVYS 01 NOLLISINDOY JAILOY 01 L , 8 1 GHINAS WOX3
io} £8l
NOLLYION] YO¥HL OIT¥R - —
VTSI SH3d005 01C  -NOILYDION! GIAYIS , ; i
NOLLVIIONT WANYW
(o] _
5
7o
CQIY NOTLISINBIY JAILOV fo ]
ONY VHN3LNY SNIAY303Y 01) 20
S18 NOILISINDOY = b
TieL
S104M1
INLOW3Y DUHONAS 01
woJ | N
¢ es—t 201 gl
s—T 1o v\,L\n_ '
B gy ;S AY1d510 AV14SI0 WS 4510 AVdSIQ AY1dSI0 Av1ds1a V4510
e:ﬁ —fto : © o RLNWITY KOILVATT H10W1ZY NOLLYAZTE HLNWITY HOLLYAIT3 @ iy
N \H—§0] 9 <INV o 1NV AT VY 7 W51 434000 IWVIS1 SH34000 WINYW WONYW ;
o8l [ r 7 1 — L {ov]—annom ,
[Tels | [l | TRES TRED S A
_ N gl of W wfu S| 8 | w4 om Oz—WaINN
| _ _ _ < vavmww NS o T avasi ;
S W _
_ _ _ poLpopars b B e %5 Joss |vss ws| s ws "
[}
] Lfs 8] L B8_ 18 T_NVILWI lllllll i o -8 %
- o wl|.._\||||u_\£ FRE— —IT— 3 1 H ._ 4 r ,
Vi o9 ¢ Y& 9 a —_1_
Yy __ Y __ _ . ALK 1 ~
F¥-¥ IH& Hlum — s L\: |w\rg C " W) (. N (he i v .
0 i
[eg 0 § fp b : Ip Jou \Tlﬁj | K1ddns K1ddnS Kiddns ddns “ _,I%I.%
NN R M 4 Mo e
. Haad 4250 0£50 m m_
|||||||||| § —t———f— | | |
N
| M 3 y T f 9 1 [1ded s & dwd 10 oty o Lzsd 6250 “ I
, | | an (1 1] o
f o s s T s e 0 : iy
N EMOd | 4
_ “ ﬁ H3LATIWY N OHONAS m ronge | | " o _Shue)e _ _ 10A82
! e A 2 9
T3] | N
| 3 § Yoo 8 ¥ _ [ b LA
_’ | Ho> g > ¢ . 1¢qe
- uﬁ —= #1 - wf——F+——"F—— 0 202 29 t0zd 1020
10dN1 10dNI
| NOLLYATY HLOWI2V
| TINYW TNYW
BRI PR EEE XN !
2 £ ) 2 £ Is % £ | s & is 3615 65 1S B K B SIS .
¥I¥O AVI4SI0 13 ¥1¥0 A¥36510 2 VIV AVUSI0 3 ¥I¥0 V14510 2V ¥1YO NOILISOd 18 VIO NOLLISOd 7¥ ¥I¥O NOILISOd 13 VIVO NOLLISOd 7V _H
YNNILNY NIAI303S Wobd alv NOILISINDDY JAILOY WOk ANYISI SH34000 WOH {

IIA UO1I008 ¢II-SN |




gT-L/11-L

urexBeyq SUrIIM
1eo184yq ‘a[osuo) ejeq uopsmboy [IfH uMolL ‘H-L oam3id

- A — —_ - — - - —— —_—— - g EFEREEE BrerE
CRFFEEFS Y f |
n 611 oIl 2 91 SIBIEN 2 01 OIl 601 801 NI 901 ;
I TR VIR TR S R S o li—g | | _ | Wv !
I _ _ _ _ _ _ _ 1024 X144 ¥IM0d T¥na \ L
_ [« [e) [e] [ [s] [« [<] [ o] []
T L og s v o€ ¢ I|mm - o8l |8 L 9 & v £ 2 I ,
© 0o ©O0 o o o o © @ 2021 (L4 Q@ o o o 9 o
2024
o | _
2R2REEEEEERERERERR — _— — _
EEIEE ST ET ST T SO W 6 & S5 ¥ 16 06
i K A n T R R B EERB B B
| 0L SO 941 ¥O) 6 269 861 OB1 LW BEI 9% 9€1 G4 b61 ¥ 200 s 8 T EERE B |
| LYY - b e |
& HILTIAWY INT OUHONAS 7 s T s ) lF )5 ) s
_ 9 1L 9 s v § ¢ || oe o T L 1€ R & |2 |2 |2 | |
¢ o o o o o o © __ € 2 M o0 6 8 L6 9% | |
cRERERERERRE
ﬁ,wswumﬁwmﬁ&w . — L — — ST T s 9o |
| - - 681 T R S TS ST SR A _ |
| L __ __ __ —_ —_ _— _- o o 0 o o : A
_ S i |
_ swg 2 = 9l ST _ 6% W % % B & & 05 | |
e |0 00 . , Ty e —, - |
o ool 3 e S 2B E RBE[R B - —= — —= — - |
sestn] T2, OO asox ! Ny .Y — |
11 01 621 921 121 921 $21 b2 €2 221 121 02! f . A \ _ | |
EEEEEIZEE R | FI AW, 2ls Blss 5 & )¢ & )F _ _ |
ch ZlelmlE S ek |d { TRy 95 | Hu.a Dol LIS Y S A PO A B | _,
wazd ] | W eeu % 9 w9 2 | |
(SW3L112024(S1 WaL1Y0IdT 64 HIIM 0350 38 01 (WD 318¥D) 81 Wall s a0 | A
(2W311) 102d HLIM 035N 38 0L (dwV19 278v3) 21 Wl _ 8 €250 _ _ — j
“(E1WAL1) 8d NHL 1d HIIM 035N 38 0L (dWY1D 318v0) 91 WIS e 9250 ] |
| 089 ! i’ lo oo . o 65 00 _ | |
Wol108 ' 6 &S { €91 2 = mls L8 s v £ 2 1 I ©
0 oot b8l Fe [5 st s 1= - i
Q99 olo g2s0x N i
Q Q08 T | +
2w 099 16 09l L6389 U9 89 b6 89S 9 ! _ _
TN 24 V- 1024 = = e I I _
ol % [ AT TR *EE E E B EEE [ 7 | |
SMOTT04 SV UV og 9 | - < = F e T 189 | ]
S5 HONONHL IS SIHOLIMS 40 NOLLYNSISIO JONZWI4Ty NOILD3S ¥ _ R 203 8N “
(IWIL) 8% 34M TV 031419345 ISIMUIHLO SSITMN '€ | g 00 _ “
"SIVNIWUIL 0L INIOVRQY 4007 LVINY ot 71024 : |
NI G3SSI0 WIM SSIOXT HLM ANYSSIOIN RYHL HIONOY § = (T} M
HON 3N 38 0L 378¥0 40 N0 SNINVIHE SIUIM TV 2 o ¢ o 1250x “T0-202d |
“Y3ILAWY 3N1T OHHONAS 14303 LIk 755 '
SIHL NI SNOILYNOISIQ JON3¥343¥ T1v 01 0009 00Y | 02 R _ _ — — —~— ~ TS ~—— b
1S3U0K o _ E BISOX 22 B2 2R EE KE 2EE EE g2 g2 2 REERE R 8 AN !
N ol _mmﬁ,l\u s s s s e e Ve e o ¢ I YT o P - P T e FIT [BE Il& |2 RIFERE & |
3 : - ol S A R o > c0T |
_ 181 | L N, = S r
o [ } oll—p A
I ol Vg o ,w_wo 1 s wﬁ , __ ® 8 & 6 & & % o ol e e e g gl e 2ea £ 0290 |
e (- (o S S (= [ T i
T E Z ﬁ_u ﬁ“ W W s W =Ty w : mmy ¥ " |
o1l 1 | i
bS8 B g L1Sax S 5 S |
A S S _N _ F W — » _ W |e I 9 ¢ v ¢ 7 I _ ] |
[¢] o
& £ £X 69t ! i | M
o) [o] [e) [] [] © X X b-baL =
_ § L 8 S v £ 2 1| - w0 &su L norsas £150X L noisox Ng S8 - & _ |
_ p © © 9 o o o - ¢ b{ b ol %W TN R B - U _ |
- ——— [ ' =S| — - < |2 |= = ,
L e ss0x i 8500 fsax 20K ssur R _ _ Bl I |5 B BEE B |
e | sl ~ = L = < )= )= < )= ) | |
0y —— g AN | |
It U -l & El = B B B 1z
5 : FEEEE[E / “al L . gw ;w 2 2 2 4% _ |
@ P N P - R | T O 1 %c_ ~
< —~ — &
| 2 % R w 2 n \ b LU \ ar 8 _ “
ST} X 9-%a1
| _ :
— 7 _ 7 _ _ QRO 8~ [ AD® 88 ﬁ v
_ T8 o & % ¢ & _ « s ] Al L ¥ ] ; el L ! R - R BT ) | “
8 L % S v £ 7 Ifc¢a @ l@h 85T © @ 80— X i sal T I 8§ v € 7 i ‘
O o0_ 0 o o o __o o o // ‘ " QR $ o0 o o o o o !
_n_ G181 S G-ga1 S-981 7 m
(GGl LLil _ N s =23 B E E B _ |
IR TEREES _ 2 —— ( e _ _ S I 2 B 3 i |
N NI — g ¢ b fd s L " _ L I % & b & % k6 ,
_ 20 82 Uyl O 02 S8y gl u U o \ — Nt v u
o 1
YUY 0 Q@O E! S o] | (@@ B = | |
[ I P o @ " 4,
Tu B B j A | R, L] // T — PR I S [ |
4 " Wi (8 L 9 & v ¢ 1 ﬁ ,
& o o ©° o o o o ._l. asax = //{2\ £-181 z5ax o pron S e48l £-98L | o o o IW. o o o HI L L L L o 3

IIA UOT309§ ¢IT-SIN :




FI-L/€1-L

wea8eyy opyewayog ‘Arddng Jemod fenq °g-, oan3ig
N Cly b (£ 310N 335) _
QN0 96— ’ O—1—H1—0- T _
_ " 3 dﬁm lﬂ “ T
_ 3 _ 849 949 9
! | SRR | g , "
| [ MG 3
“ o 019 8 99xd _ | b9 205k 0001 % & 3
| _ b 3 Fr——————= ——
| _ | 14 b aTaY | !
| | ! #49 ) o 3 “ “
2 | _ & ! 6 _ & “ 31! “ N
+ < < } \&; L L \AAAS O 4 O—F—nN p 9, $ " 4 AV L 2 >
N T | o - ! oy “ | L Ve ! ot
b8 a v | 1| | @l ° | || T~ - ! |
‘$1300W IWOS NO 03N LON by —~ _ I~ 3 e T T T 1 _ ]
ONY £ SHOLSISIY zw_ﬁﬁw ¢ ‘ : “ ! | | ! P Ksll
]
40 0006 WY SHOLIVAVD 1Y °2 _ L L _ _ “ |
“LINA SIHL NI SNOILYN9IS30 _ ~ 2 © i Ve M 0 >V
30N3¥3438 1TV 01 0029 0V ) _ by 254 LN 281 ———— mm4. — \__\O f “os
S310N 214 LN ¥31 “ k K14dnS ¥IM0d ] @ ol |
]
|
— - — - _ __ J |
|
e o . - |
] _
. P~ _
_ ? i Lo _
aNnoE9 < 3 € o — o . o+ +—+1+ o L msq 335) — : _
| _ _ _ |
! _ _ 1 o4 9 _
! L ! o ‘ _
| ] O P o . ¢y 19k omm_% 3 |
| 3
| i 3
_ | | Mg | _ b 3 |
_ ! 2 V009 _ £49 12 o 3 i
m ! [ ¢ M N [ | 6 _ £ m | N
2 Mo+ —< 0 e —O—1e . "y o DV D W S O—— ’ “ —> 8>
— < 13 L — —
N L oL | | 19 ors 3 _ | “
_ N m _ “ |
& 3 50| | ! D s
3 i |
| ﬂ _ 3 ! | |
_ o > @— O\—\O 1 b < N\ _
| IS4 LINn I s T
14 1IN0 ¥4 | K1dd1S ¥4 PN
. — — [ - _ :

TIA UO108S

SlI-SN




9T~L/ST-L

wexdelq Surarm 18o184yd ‘A1ddng Jemod Tendg °*9-) oanSiq

¢ to

v-2r
e
‘ /L-:._‘|_

@ @ | ~1-50
“ j j N 14X A _ —
T = - X (|~._E
! < s = e
- 8] Lndnt [2 _
% :ﬁz. “T eal +ov+nﬁm ONI&_ v bel +o¢ +om Nelhr_ _ N;@J
N I
€0 N 100 wo £0 M| 100 wod l-2a1
02 $O 02 e .
[ 14 ] (28] | E@
o o g
_ g ol o X o
9 g-2r
~, 10100 -+ © [os&zo%o '
: 0] 90 s 0l 6 E@Y
181 28l —8-281
\ Ng-Ir—\ 2
150
, ]
"AINA STHL NI SNOILVNDIS3C £01- 12 1300W 801-12 1300W £0! _33{ 501-12 1300W s _
JN3434 1TV 0L 0029 GV SIN¥v G -NISSIU0 S3NYvE - NISS3u 5IN¥VE - NISSIU SIN¥VE- NISSIN(
“3LON 1S4 14 254 213

OA uonoeg SIT-SIN



81~L/LT-L

WBusa3g Teulfs S[0SUOD [OIWOD PIV UORISINDOY 9AROY  °L-L SIn3Ld

weldeyy oppBwIayog ‘[ouBd JI9OW

N« 90 so to ¢ J 9051881
hﬁ 19 90  Go bo  £0 20 _oJ 0151981
310SN09 10MINOD QIV
S R R I R E S NOILISINDOY 3AILOY
ANV 3313w
S s
4
%006 4008 3
Nov2 3 vz &
83 2
- + - +
Sa £0 2sq 150
TIA Uo13088 SLI-SIN



02-L/6T-L

wexSeyy SurIrm [BoIsAyd ‘[oued J910N
Y8uaaig Teusis o10suUC) (010D PIV UopIsmMboy oAnoy  *g-y oandry

N J N J J N N N N //
Zl g 2 2z I mm < g £ =
m| @ [ od @| e @ @ o o | col @
=l - [= == == —{—] = = =] = -
- o~ ~ -« < ~ oo = (=% —_ azd
™
IW w W w
150X iy 280X a £50X cu ¥Sax "
Aﬁ (o} (o}
-+ & - T 14 -t 8
|
{
IIA TOT)09g CII-SIN

P




%%-L/1%-L

urexdeiq oryewayos ‘(pawis] s,1odoo))
a[0suc) ejeq uoysInboy pue pry uopismboy
SATOY UooMIaq SUOTIOSUUO) JNOITD I0JRIS OXYOUAS ‘g~) oandig

_ (028 Ml _ >1)
_ S L _ 7271 S
Or= o +> 1> =
_ O _ _/D
_ NOILYAZTZ 1S 0| =200 s
LTI _
V14516 901 _ [
10218 RNPRN
s 7 v7o=7s 1]
4 I
£s e 1777 £
o- 1> v >+
[ Wowizy 1S 7] _ ol oz s
| (13Nvd HOIYOIONI) 310SNOD T0HLNOD QI NOILISINDY IILOV 10218, [
| s = - | | o — — | = |
O F b vl K 9 o | Pl
O. - - O O -O—+— £S5 > NOIIYAIT3
£ g S R L i | 19 S
NOLVAIT (5 ¢ ¢ It S s T Yiv0
SHLUWSHYAL 5 e _ _ TN | _ \, W1asio aw
V14810 1¥907 - | | _ NOLLISINOY
2028 o o Iy o o |26 ALY
F v 2 H £l §
O o _ _ o 4 o o _ o5 > RIWIZY
& s ] T € bl | 2] ,
\ mawiy HE T 7] 3] o " ‘
p0Z81 | | TR £rleL g1l 600881
A0S : _
, ST XE s San | — —
b058 ° o] ! _ o < o1— 3 )
) j v s| | I |5 A [ 1o
O — H —1- © <> _ _ ° < | T £ O NolvAI”
3 - o- -o- o—
SUIWHOSNVAL NIV s : v | Le ! | |° ’
rren e sng
T041NG9 30W3 < - oo 2088l 2028 | | o | PNOLLISINBOY
j o o o o+ 25
O s H o | o ° _ | wl €S > HINWIZY
“ T | | I ot | L4l s
ot o 0] O—— y,
( HAwWIZY S V] | ] S | L
50781 _ p0181 g1 | | 110881
/5088 _ l (] ]
o -0 o o — 25 N
Q 2 5 ol | [ | s | | | |9
o o o : o— 55 >NOILYAIT3
= o T e T T oo
sawwsw J e B ’ ]| | L s _ v " vivo
—] - NOLLISOd Q1Y
T01K09 310W3H S logal 10281 _ | 1081 _ _ > NOLLISINGDY
5028 ~ _ —f L NIV
3 ol ¢ al | | | ¢
O £ | ° T TS twy
_ ( Hinwizy g 6] | n (1] ] I 0] ‘
$028L T 1l 200981 (NYISI S43d003)
_ W1S3034 QY NoLLISIOOY oy POdL il L3NIGY9 OAY3S OV NOLLISINGOY JNLOY B | ® 3105M02 VIVO MOLLISIO |

TIA U0ljo9g ¢IT-SIN




¥2-L/€2-L

wexSelq opswWegog (puws] 8,16doc))
[ouEq IomMod OIS PUs PIV UORSINbOy oATOY

U99M]aq SUOT}ORUUOD JINOIID S0USISJIY OIYOUAS *0T-2 oInSri

llllllll —_—— 1INIEVD 0A¥3S GIY NOILISINDIY 3JAILDY
“l ¥IIAITAWY OMNIS | “l A1ddNS ¥IMod J_
_ _ IUELETAEER -
AN N PN
_ S1In9¥19 AAIWV“ K 2407 ﬁ _
| vovinwwod o) 1y 1333l - 0
— —  g0br 8d asnr il
. — — —
(370SN03 T0LNOD IV NOILISINDOY 3AILOY) |
/1828 ~ T3INYd HOLYIIONI
| o
nouvaals
_ SENEE P
YIVG AVIdSI0
10218 o
o
L [ Hwizy ® [ 6 ]
£1181
- - - Py
—_— —_— e 14
_ ] T
_ (2028 7 ° _ :
_ 2
HINWIZY ° T.H w —
¥ A i | [ 13nvd oLims |
SHLLIWSNYHL ) ! _
YI¥G AV1dSI0 $0281 _ £0181
) _ ) _ [~ 1]
2088 O O O 9 AY, O
(| 2 2 _ _ £ | dwys 2
| eoid HIWHOISNVY]
_ _ __o_s IVASIT| “NMOC-d31S
NOILYAI3 o o I ~ o
AN _x e ~ —\J A 4 V —¢
I [ _ _ _ | dWY S [ 1]
| 1014 T
) . N L
S0%8 l 8 _ 9
NOILYAZT3 o o “
T 9 L g
SHILLIWSNYY] r— | =
, 10§81 10281 10181
YIVG NOILISOd Je8l _ 8.
O O
028 /7y o _ <
[ mawizy o _ ol
1y [ L] _ [ § |
1S303d QI NOILISINDIY 3AILOV b028l | £0181

TIA U0109g

¢lI-SN

YIWHOISNYYL
dN-4318

13INYd
43Imod




9%~L/S2~L

SYILLIWSNYYL OYHINAS
viva Av1dSIa

vivQ NOILISOd

SYIWYOISNYYL
‘J0¥1NOD ¥vQVY

_
|
|
_
|
|
_
|
|
|
|
_
_
_
_
_
_ SHILLIWSNYHL OUHONAS
_
|
_
_
_
|
|
|
_
_
_
_
|
|
_
_

\

<

<

WLS034 Yvavy 1¥0TU3IA

TIA UO1309S

wexdel( oPewoyos
‘arosuo) ejeq uopsmboy puefs] s,10doo) pue Jepry
JIOTISA USOMISQ SUOTOSURO) JINOITD I0JB)S OIYoukg °*II-2 oanSrj

["xo8 WorLonr — SNAYD —_————
| yvavy ;3$|>“ B .J_ UISVHLNI _—I |“
D _ we
—— —— ) & —————
£ _ " vov | ! /“ | _ w.T & _
| ,, _
— _ _— HERIE _ 61<4 _ —— _ —2S D NOLYA3T3 |
NOILVAIT3 _ L _ | _ “ _ L _
o | 1% 9] | RS S e |
_ | s | || . _ |
| | — | _
0028 /o _ ——— 15 " “ {E1€ .m “ — £5 ) |
i N
_ _ _ | _
O - _ —_—— B _ i <92& I ————- _ o8 >HIWIZY _
i
[ Hunwizy S “ - - _ o—o _ _ _/\:\“ _ —_———— | — 1S _
A
_ “l £2LbEal .“ _ “ " | L e g % |
| e rm L R |
T3N¥d_ Y0193NNOD —_—_— -
. _ _ WNILA “ M (WA oan ) | _ _ _ _
L o > N <€ | TINYd AVI3Y INVIS -¥3ISYW _ _ _ |
_ _ “ _ﬂ/ " “ | |t _ _ 2»5%_; _ . _
< _—— | F< o e | _ | _ _ 3103400 Y1V0 ouUsinnoy |
£ _ | ] || K _ | dosammnos _ _
NOILYAI T3 o - | “ 1<t _ I _ _ ITTENVE! “ _ |
IS 1 j _ | | 6 _
_ M _ _ _ | | cios00m) | _
— i | (§08 NOILISIN0IY)
90028 HE w R T Wy | Toan o | _ 3NIT8¥D | |
_ ! _ | | 081400 _ [ _j usvaw _ |
}¢seed ¥VOVY — | _ | ~ — |
8| | | | o Y- s
_ _ _ | | T T Tu < 7 HOLIMS
HLAWIZY - _ L1 eped _ _ ? P _ _ | R _
\ s [ 2o VS -0 _ I | _ _ 1807438
¢ ]| Leer — kil | | 1l w 220095 |
010281 e 28l < , - @J
_ r T041N09 NOILISOd YNNILNY 1 - e — = “ _ L] | | et~ | _ ot
_ _ 3L0W3¥ /%907 13 _ [ Jou woriawnr [~ 1 _ _ leL _ I 181 i
| _ wzld 0zt 2021% ozt 102ld | 4YOVY L40T43A | _ L] _ . lnu\“‘o _ I Coreml | o EPON _
N \ —_———— A N N\ - —
_ B i .l T d e LM IR N O RS M
T e ey i NN T T — Iyl REN
NoLvaas N4 J | /7 N\ | | ohed v _vm\(r_ —=== L¢ sl —L> v > | = vl AR I o] "/ _
1S pgs | Bh /_ m_b._lﬂm zo2Ir 20214 _ ' “ s A T _ | | L _ _
. 7 —_——— W
insexe | [ [ | v xdla; - e < __A._l VLAWY —> 8D _ =1 € I _ e ] | Y _
wozs /5 1 _ - _ <d& m_anu.l_M _ | _ 9 _ e N _ 4l | | el | P _ _ | |
_ _ _ | _ Iy yyd | _ ol | L m__ OYHONAS A o _ ! o et 28 > HIWIZY
O 1 —— L¢w ¢ ol 7o 7T T e | < | _ g 13 | 9 A || | | E |
s L |..“ _ | | S el . Ly 51! —— _ _ _\ Iy N _ oﬂ\_\o o] _ Lol _ _— I D _
[ HinwizY _ 1 .H_ _— _)\wA_ e > W _ 0 | _/uﬁl._ _ fm W Xl M | o | — = T Le] 7
3 61 i 3T — L | ¢Sng NOILISINDIY ) 9181 ._
_ W3 s [es Jis s |es is “ | Shuvenl "I L _ _ e L d i Lo __
_ 310W34/¥907 7V —_— T T T
_ l0z1y |
| ) wus (@) _
_ HLAWIZY NOLLVAI T3 | :
L SHINI3334 AY1dSI0 VYO 3L0W3Y N ,
|
i
¢IT-SIN



82-L/L2-L

weaderq
oIjewaydg ‘[ouBd Jomod O3}IS pue Jepey JOLISA

u9oM}aq SUOIIOOUUOD }INOIL) 90UaIaJoy oIyouhks °*gi-L oIndrg

NYA 3VOVY 1HOTY3A

NYA YVOVY 1¥0T43A

[ T T T T TS Toskoo wvovy wassyw ] __|||||| Y zo_hozagﬂyﬂﬁlﬁl||[|~
“l LINY ONINOVYL 13 ONY :._ e _ | (e _
I —— M o -0 ——
| syoLvinwwo) Loy “ 9 or| | _ 9
_ o [ _ _ | |%
| < _ LN & _ O loy
Ll Y [ § | [ 6] | _ L . NS _
_ ﬁl 0958581 szsl_ _ s
- 20Lbgal
L — —_— _
V1S303d YVOVY LHOTHIA | _ _
[ as] _ |
65028 N
2y L A _
@ 0z _ _——
NOILYVA3Y3 o | _ _l G ] | ™ 33w 1
1y [ 8 | 8% _ _ | 8 coicey _ | ¥0i03WH09 |
SULLIWSNYAL 850281 L _ _ - a WL X3 |
T04INOD NOILISOd _ _ ) “ _ " e _ Ny _
™ -0 ~1-O- 62
90024 p2 | Ol_Jinn _ 2 2 _ 2u _ IRSIA| _
o | TTTTT el RIERE ||
L O O \cw & Y SR
N o ley ol M Y2 _ ] | n TR T
v o- AN -0 [ I ] [ ! e erf N —
\HIWIZY =Py [ 2 | ¢ | _ 2d Ul _ =i _ Jo._lhlwl _ Bivgdl  6bibeEL | L ] 9NITEV0
£00281 010281 _ _ 8vLbeal —— )| _ —_— JLISVHLNY
_
i mo._ EXTEL - _ | L _ m,
IR | | i |
NOLLYATT3 .Hm ! “ N "I |_
mzt_s::L Ibl_lwn _ 5] o _ —_—_— w
1041N09 AY1dSI0 sS7iL Lo b _ _ . . .
20028 o _ i
4] |H= M
@ : ? _
(HIOWIZY )y .Hm _
%] 1] _
| 200281 600281 _ v
IIA UO1309¢ SIT-SIN .




0€-L./62-L

weIdvyd O1ewWoyos ‘o[osuc)
ejeq uonismboy puwls] 8,13doo) pue Iepey
9T1-Sdd U99Mm}a(q SUOIJOdUUOD) JMOIT) oxYyouls *g1-2 axndig

A— ]
l [l |
# L] _ YIWHOSNYYL T HIWHO4SNYYL 13NVd
9N3¥343Y OV AGII . “ G “ WASIE 1 hoaaas | OV Aosy dn-d31s ¥IMod
| [¥] I
“ 1208181 _ IKIT8YY ILISYHLN]
i | _
| | | ™ N
85— o I - 0 £s
i [
| [ o
Nouva313C 25 — o _ o 25 > NOILVATT3
_ £ | 9
15— o | o 1s
SYILLIWSNYYL ] S [ kY yvavy
OHHONAS V1¥( < [ | 91-Sd3 WoYJ
NOILISOd WOY4 s ° I . ¢ VIO NOILIS0d
I I 7
| ovAmm
Hiwizy< 2s O O— 25 > HINWIZY
| 8 “ ¢
|
S e _ e 15
“ £208181 | VIO NOILLISOd £00361
_ |
- . i
Q. - N IR
i ¢ : S
NOLYAI1I S 25 ° W —_—— o8 DMoiLvA3
!
SIS 1S ! \ n T o8
YIN TR : S8 NOLLISINDOY
yvavy o1 aoglal | _ A
£s S - £s
¢ “ 2
HLOWIZY € 28 — ° “ _ o1 > HLNWIZY
| |
g —1 o _ - o Is
_ | 1] " L]
_ 110818 i (SN8 NOILISINGY) 110981
_ _ ONNIBYD ILISYHINI
85— velEROEEE
L] _ 3
L 1208141 I
[~
NOIYA313S 28 s _ o 2S DNOILYA3T3
|
]
_ o o
SYILLIWSNVHL 7 [ ! G 1S avavy
CUHINAS AV1dSI10 < I 91-Sdi WOYJ
V10 4VOVY Woud /s o _ I VIVQ AV1dSI0
I “ 2
Hinwizv < 28 ° __ < 28 ) HIWIZY
i i
| A [
1S “ 0 _ﬂ o s
| ¢ | ~ [ !
_ 9208181 | V1V0 AV14S10 100941
(%08 NOLLONNT ¥1¥( |
IIIIII INIOTING 91-Sd3 310SN0D VIVG NOILISINDOV |

IIA UO100S




|
|

2e-L/18-L

weldel] o1jeWaYog ‘e[osuc)
vl uonyismboy puers] s,x0doo) pur sepuuauy SurpTwa
-SURI], U92M]S(| SUOIIODUUOD) JINOIT) J0)B}S Oayoulks °HI-. oandrg

| (YIVO AV14SI0) —
| _ _ | YOVH ONS3S 2'ON 40 | ON VNNILNY ONILLIWSNYAL B S I
Co¢ | | wil _ o I ||||Lﬁ|~w
2088 /35 0T _ 0 0 al | _ L
lesed |
<3 o o o —_— €5 > NOLVAIT2
O £ I _ S g al | | |
NOLYAIN L enel o o | ——— | 1 s
| o A | Lo ; ] Tk
SYILLIWSNYYL OBHONAS T — _
VIO AVISID | e 10181 o _
v ey o1 - | T %
2028 /75 _ © 2'e al | | |t
_ _
o o _— O-1—£5 > HINWIZY
O £ _ g g gl | | |2
| Hiwizy ° 5 ot S I N
IS ' £ _ A S 4 _ [ 1]
T coIe. 2118l _
#0281 £0181 _ (V1vQ A¥1dSI0) | .
_ _ INII6VD 3LISYHLNI G0-T 0N _
| 108 MU _ | | | _ VNNILNY SNLLLIWSNYHL |
VIS334 2'ON 40 1"ON VHNILNY INILLIWSNVAL _ ZON 40 | ON NOILISO Y207 NI NMOKS SIHOLIMS Ez:-:gwsz _ | J0SN09 VIV NOILISINGIY
YANILNY _
v —_— , (S8 NOLLISINDOV) _
INILLIWSNYAL — — — | BV SN _
i %m c , | HOLIMS 210W3¥-30113 - | , et ot - \ _
~ T o- -— o— 2
( 167 o ﬂo_,.. | N _ 3 s| 1 " ¢
“ ‘we “ LI __ m <y & 2 s “ ——— T & P Mo
LIRS N\ ! 2\ ® -
2 2
_ _ | _ Y- _ ° ot _— |1 15
NOILYAT3 yed ° o " _ <He Q T W
is s ol o1 1 _ na
logf  10¢d | L | Lo _ _ _ _ glis i _
2028 101l i _ _ |
SHIWHOISNYHL T04IN0IC | “ “ “ ———————n _ _ “ “
2018 |
h06 _ I | Woums JOW3-W00T ZY | b_ o ~ ~ BE
Pl [ | (o ISy > | 1% _ 1S ) E— e T - o
€028 S Y N H 1 Sl | O _ n | _ _ v
O ° - o S S ! Kai _ = 70 o ———- o e Py
s 1 | 2 2l € 177 [ | _
TT | N | 1T L lad L, o S W 4 -
HIAWIZY ; - ° o N ° ° = ~ _
) . | o | o _ e’ o 2 ! i 101d L — A “ 1030
Bl i e | | 111 12181 (S8 HO1LISINDIY 810981
L ] b0z81 _ T TR Tt | _ ﬁ Wgvo aLisn L
| L _
L t Jo | _ S S
[

1018

HIINTD HILATD

713INMANYH TIIHMONVH
NOLIYAT3 H1NWIZY

\ —”
W

SHIAIFY —YILLIWSNYYEL V20T

] s es| s
_
|
|
L

IIA UOl}98§ ¢II-SIN



¥e-L/88-L

wexderq 2Newayos
‘[oued Jomod 9IS pur SEUUIUY JuljjrWISURL,
U29M)8(q SUOI3O8UUO) JINIIL) S0USISIOY OXYOUAS *GT-J oInSri

- - /7 77 Tawve | _
_ 201 e sy _ o e —n ..
gw_d____o%%mo \._\om?\_ 1 7 _ A H 2 YIWHOASNVYL HIWHOISNVYL 1Nvd
SNONOUHINAS wise _ | 80150 amoa als | | d-431S ¥IMOd
o \_.\0{_ < > 1> — - <1& o o | ===
awve | g0l [ § | goig ot | dwyg g0IF  £0Id [ ! [ | ] . ,
[ Bunawvows | sl _ o4 gl el _ v
INFIEY)
jlll||l.l.l.lu|l.|.l||||.lul||.|L JLISYALNI
(1018 _
w._u,_swfs:_s?EA NOLVAIT3
w901 2018
_ @: ’
_ | mnwizy ¥
| L—— 1IN HOL¥OIONI T081N0D
4_ |
,
2058 ey _ e~
> 1) O- | Fol .MJ
O BT 11 @
LN\ '] N\ o~ P O
SHILLIWSNYYL NOILYA3I3 L _om\_. _\2& ,.M_\l _ L__J P
sia 310w3y < 20281 lofal 1181 _
Or= I -
 umwizy vzl | &
19153034 2°ON 4O 10N VNNIINY ONILLIWSNVAL | | YOVY OA¥3IS  2°ON MO I'ON VNNILNY ONILLIWSNVAL ]

IOA uoljoag CIT-SIN




9€-L/88~L

wexdel] oTjewayOg ‘[[TH UMOJ], pu® pue[s]
8,18d00) U9aM}D( SUOTIOSUUOD }MOILD OIYOuAks

*97-4 9an3d

K18W3ISSY 3300383 0A¥IS WOILVAIT3

YIWHO0ISKVYL

T0U1N00

¥ILIWOHIVL ONY
Y0L0W 0AY3S OL

]

—.Izniuwﬁ 4300383 0A¥3IS HIAWIZY

081409

HILIWOHIVL ONY
H010W 0AN3S 0L

_lm_oiumm< 4300330
_ O¥HINAS NOILYAITI

-

{ 3N1T 03INYIVE U009)
VIV NOILVAINI

INNBYY ILISYIINI

O A uo1joeg

(01u-101%

SIV13Y ONY 1011
YIWY04SNviL)
Y3ZISIHINAS

OUHINAS

.

(3N 030NvIVE U 009)
ViV HINWIZY

]

[ xawassv ¥300230
| OHHONIS WinWIZV

(01N-101Y

SAVI34 QuY 10U
YIWH0ISHVYL)
VIZISIHINAS

OUHINAS

s _ e
/ s> _ i [
NOILYAIT3 NwY.L.m _ n _
1S >— 0 _ Kl [
1 f wdD—to o
N L | S| |
v  D>—1o- N
$ _ 32024 _lu
anvIs! T
5¥3400< _
ol _
-o- O &
£3 >— 0 n W_- _
HawIZYQ 25 >—T0 o <
T § |
£10981 Kt <1 _
a 2l
L] 2 |
281 —_—————
[ vanzon |
.
| NOILVAIY3 |
\ﬂ L. N w N Vﬁ-/ _
—/ N\ — — _ 7 \— — V4 Ve _
i <y & 1 [N ¥ ’ld
.53 FNYNT _ 7 Y_ l_.lv 7 _
( 56— —— €t | MV.TTZY_I_I
NOILYATIC 25 €—FO _Auﬁ i 5w “WN_YrI
_wAl.w _ l¢oed _ Iyl Lyuyd _
' wed zoer | ] woer oed  toor |
S|
SHds _ -
_ [ w0 |
|, v |
_ _ HINWIZY _ _
s 19T _ o <& T2 2827
mawIzY Q 2360 _ i o K14 i + i,l.vgil_l
N ST o < 04 i BarH———-~bn i
200881 _ o ——< 1 & | | P s>——Pu> |
| | o Ly ¢l L Lyo>l——
_ S vaogd 2060 [ _ | voer Vioyd  100F
(T1H NMOL) _
310500 VIVQ ._o_:w___z,,_l_ _ (U3A130SNYYL) YIAI303Y-UILLIWSAYYL INILOWIY OSHONAS

(3017 039NVIVE U 003)
YIVO NOILVA313

INITAVD ILISVILN

(N1 GOV U008)
VAV HINWIZY

[\18wassy w300030 ]
| 0uONIS NoLLYATS

I ',-4.__4‘ -

(oI-onl

SAVI38 QWY 1011

_ .

Y3wy04SHvaL)

L]

_I>l._niumwé 4300930
OUHONAS HIAWIZY |

I
¥IWHOISNYNL O

041800

_ YILIWOHOVL Quy

_ ¥O10W 0AY3S 01

.

r A19W3SSY ¥300INI 0A¥3IS RINWIZY

119
¥IWHOISHYAL O
04140

zw._.uio_.o<.—cz<
Y0LOW 0AY¥3S OL

|
| |
_ <t€ <N € 1 _ > 1> _ >£S
_ <u¢ <wét | >1>
| (B ——<od 50> L8 5
ISIHIN
| s..s.h; IrA:A._I_.A A“ _ mw,v_ _ _
| _ _\o_\_ lewel _/</_ _ _
Y N\ N N Fd rd
| | et 310wa 30084 | I_ 20860 32084 _ _
_ 5 _ _
17¥
_ | | | |
:Al_|I_.A > 1) O- y A1)
|| e ——K Hoo+—te | ot
| ot ——< n ed——< ———+> o) o _ 315
| |esnsanins _ u _ Y I _
OUHINAS. IL.A_ AL|_.A_ |I.|+.v_ > o
_ | Y- ] / KN N o _
NN N 7 Vs 40\
| _ 100F  YVIONd V0S4 [ | a0t vaosd Lo _
_
A18W3SSY ¥3009M3 OAY3S NOILVAIT3 " .
4> < <t
LN\ 3 N b _ § \Nm
_ 2 /71 m _ . {
P o> O —<1s
b+ > "
Ly y> o |
)
202f _
Eddar > _ <ts
adbal o (s
| KN ¢S | o <18
7877 I N\
_ V nYw k1 ch
20 [ 1

e ——

(¥IA130SHYYL) ¥IAIFIIY -¥3LLI

SNVYL ONILOW3Y OUHINAS

[
oo
—

ST

—>2S DNOIIYAITI

w TUH NMOL
WO
HIAWIZY
7/
/
NOILYA3T3
> THH NMOL
0l
RIAWIZY
n
Ny
v

N

(NV1SI SH34000)
3105400 V1V WOILISin0dY |




86-L/LE"L

wexderq opewayos ‘([[H
UMO]J,) 9]0SUOD BjR( UOIISINbOY pue ply UOTISMboy
SATIOV U29MIS(] SUOTIOUUOD IINOIL) 101BIS OIYOUAS *1-2 9anSrg

— (20218 [ ] _ ~vwvd _
o 7
_ O 2 Ly £S5
| B T ®
>0+ B
NOILYATIY IS 8 _ _
| suanion D
AVIdS10 19907 |
10218 | N
% : %
O _ N 9 N\
O 2> 2
£ fl Ly >t
L HwizY 1S Pm | oar” oz 1S
102181
| (13N%_BOIVOION) 310SNG0 T04IN0D OI¥ NoLwSINGOY 3Ny O
_w y 2068 ——— .Lll'l_ ) " ] I— _.|1 N —
- - _ o o o — 25
14 1 H 9 ol [
_ ® s 1 1l | [@ : o IR g
£ § S1 EL L | | |9 s
- O O O -0 ——
NOLYVATTT 1 [ ¢ ] H | Lu § ¢ | | anasic dy
SLIWSNYYL 10581 iozal | | 018l | > NOILISINIY
by ~ ALY
2028 N o T e
2
) ° ol | _ i o o OT—£5 > HIWIZY
§ I £ ]l
i S E B3 | I 4 S )
L Hlowizy 1S i) ] _ i | | | [ ¢ | _ L
v0291 £0181 | g1l 8lal 100981
706 | _ | _ —
‘s AnSTX§ ] il | ] | | o \
s & _ b HE RE A 9
O DY o- o — €5 D NOLLYA3Y
£ R g S s RE ; L
> - O O — IS
o 5 o o ¢ ] ] | L ! | |* sng
SHIWHOASNYH LY
10IN09 310W3 s cos8l sl _ | w4 _ PNoLLiSinDaY
b028 - DAl — 25
e ST BE 9| | | [£
OF+—=%= ST 13 I BTN G
9 g
T AN | L ¢ || | LU ’
5028l _ yo0181 JLT _ 0%l
]
/ sose b — | Al [ — 2 )
2 § o[ | [ [% 9| | | 3]
() o o o 01— £§ >NOLLYAIT3
£ 0l il | |6 L | |¢
i} s o o— I
NOLYATIT 1S [ 7] o] | | L[t § _ || NOLLIS0d O
SYILLIWSNYYL L [ L |
041N0D 3L0W3¥ 10g81 i | = _ _ ’ NOILISINDOY
5028 N ALY
o O1— 25
28 ol | N a] | ¢
O > i : ST ST Wiy
o o o Is
_ L HawiZY s § [ L] [ ] _ | L1} ’ 174 NMOL)
$0Z81 ¢oral : el £0098. (11 KO
_ T¥1S3036 Q1Y NOILISINOOY 3AILOY i LINIGYY OAY3S QIV NOLLISINDOY 3MLOV N [ 30500 VIvO NOLLISION |

IIA uoljoag ¢II-SI



0¥-L/6€-L

urexderq onewWaYos ‘(I{IH UMOL) ‘*sfosuo)d
eje(Q UOIISMboy pue pIy UorIsInboy aA[30v
U95M)9q SUOTIOaUUO)) JINIATD S0UDIJOY OIYOuls °gI1-L 9Insrg

_ ————————q E—— | 1INIBYD 0AY3S OIY NOLLISINDOY 3ALLOV
_ | ¥IENdWY 0M3S | | K1ddns umod | _
_ ! | AN N O3 | - e~
\, N I\ VAW PN O
I supowy  SETTP 0T T2 4T AT _ g
_ YOLVLIWWOD 01 \ gL 1y 331 AN P L iened o o
— N7
———— — 808 80bd e egnr L—————— 4 conr eong S.NE &wls
(3705N0 T04IN0D Q1Y NOILISINDOY 3AILOY) |
15218 T3NVd HOLYDION] |
| o |
Iy
NOILYAZ3 _
_ SN _
YI¥0 AV14S10 |
_ 10218 ~~ ] _ "]
o > > O
Ov 2y s | 2.0 [ o
LN I N O
1y Y 7 7/ 1@\
HINWIZY 2 I T [ € ]
_ _ _cN_E.l_ It
[~y
- - b
[y
| B
_ 028 /3y < _ 2
2
HIWIZY o _ .TI.H - [ 3905409 vava NolLsinooY
SHILLIWSNVYL ¥ L _ 1| [ 1awvg wotims | _ (T11H AMOL)
YI¥0 AV 14810 p0281 | §0181 _ _ _
2058 o] ] | ] Ly o] | | 1 |
b3 2 2 _ _ ¢ | dwvs | H K
2013
_ _ “s_g _ | uwwummwg _
NOLLYA33 © o —lo _ J Ny | o _
Iy _ r _ ] _ awvs | _ _ y _
_ _ 10 8L 100881
[ sots o © | 0 - - L ]
ey L 8 _ 9 —_—— —
NOLLYAZ13 o ° -
SUILLIWSNYAL h [ 9 | L] [ S ]
YIYO NOILIS0dS 10£8.1 _mwm _ | s__/.m
028 /7y b _ 3
HINWIZY N _
1y RARNE ¢ |
153034 Q¥ NOLLISINDOY IAILOY b028L | _ £0181 |._

A Uon1jOeg SlI-SIN




Sv=L/1%~L

weIdelq Onewayog ‘arousod eje(
woIIsSMboy T[TH UMO], pue ruuajuy 3urAresey
U99M)O( SUOIJODUUO)) JINOAY) JOIBIS OIYOouds °gI-4 oIndng

—_ VIVG AV1dSI0
| _ _ | ¥OVY OAY3S YNNIINY ONIAIIOTY d — _
_ _ A _ _ ) |7 e ~\ _ Radl 2
2088 /75 T <0< “ o ° o “ c
e ;! ° o o ——£S > NOLIVAZ13
3
O £ “ A 3 § f “ 9
NOILVAZTI 1<y &l o o o | ST s
1S . £ £
SH3LLIWSNYEL OHONAS) logf10gd 0zl o ! _ _
YIVO A¥1dSIO o o | _
2028 /7 ’ b al | | ¢
O o o _ _ —— €S > HIAWIZV
£5 g g g | I |z
HIAWIZY o ot I 5
1S s _ £ | I} _ — ~ / _ | _
| b0281 ¢01gL PUEL | VIVO AYIdSI0 | doosal _
X08 NOLLONF | _ |
153034 VNNILNY INIAIZORY _ ﬁﬂﬁ _ "NOILISOd T¥207 NI NMOHS SIHOLIMS 310W3¥-1¥901 ! _ _ 370SK00 VIO NOILISINDIY _
— 310N ;
_ INIAIFOTY _ _ ——— | soe noruisinnov _ _
101
706 | | Woums aowdg-woo1 13 | bl e _ —"= Sl
\ A e | rl v | 107 _ <<y ; HE N
3 18T i L 2 23 _
L _ _ _ _ <y ° o Lol oS wounm
BE wed "R NN 9 | g
/s\/ T O O O \.._ 7 ) _ — _ L
R _ 2 Z ¢ | | _ _
- _ i {4 o o e i
NOLLWATTS \— ¥ & ° o ° 3 0 > _ _ H i | |
l0st 104 _ [0 | Lol L _ _ _ _ AT 1 _
20281 1011 £l1el _ o 1 g | _ _ |
SIWHOISHYAL T041N03 _ “ _ 22 | = _ _ _
2018 | :
A06 | _ 8 _[& 1 1 woums aowm-woorzy | _ =) o1 |
nszxe P~ | =~ }L.v _ | ,1° <o A“ S Hl e
o o O 8> 8l | | 9 g £
£028 /75 I 1 2 | “ “n_ | &5 _ [, \_ Nl ol s Sumwizy
"L L ’ | |° I e |, . I DN
HLAWIZY T T - Il_.v N _ o _ <1< R b ~ T 1] _
T 9 o _ r = 10f  10ld L \/
_ [0 | | L0 L) ow i _ »ial 281 $NG NOILISINDIY 210981
N b0281 £0181 I S —_
I —_ bk _ _
_.I v J R

1018

HI1019 o HOLNTD
xAWE.S:_..; %ﬁwﬁxg__;

NOILYAN3 H1AWIZY

e /
N

S¥3AIIIY- WIALLIWSNVEL Y201

TIA uonjosg SIT-SIN



Y-L/ev-L

welldeld oOpBWAYOg ‘e[osuo) eleq
uopsmboy [[1H UMOL pue wuuajuy Buiareosy
UaaMmiaq SUOTLaUUO) JTNOIY) 90UdIIIOY OIYOuAg *0Z-L oIndri

_ 3105H00 VIVO NOLLISHDIY |
_ {170 AMOL) _
/7 7 Tawvs | , _
_ 2018 _ . e 5 s _ £0/4 cic e~ Sk _
S11N2419 ° PN T o 2SS < 0 o- o
¥OLYINQOW30 Cawven | _ ? b Ul oo ¢ 2 _ Ll 3av0 _
SNONOYHINAS s _ _ _ _ 390343434
_ _ _
0l ! | Ly - o 3 1 VL — {3¢ o o “ : o
o 1o " Ysa LI £ | s o | wvs | goir ol ! || | $ . _
S— LA LIl sial _ vol4 §H8l el _ _l 210881
(0 _
T
_ S¥3A13934— HILLIWSNYYL M NOILYA3T3
_ w01 2018
_ oram
_ | wowizy "
_ - LIND HOLYDIONI T08LNOD
| T
_ (2058 sl _ e~ .
TN EARS A 1
| _ T > ? [ ¢ T
7 _ SYILLIWSNYYL < NOILYA313 I0£r  10¢d T _ T a
| WSO 310W3y 2028 o | o o _
| _ @ T 1l _ 0 2
| mawizy ' L | L 8 ]
_ N $0281 £0181 2nel
_ V153034 YNNILNY INIAI303Y _ _ YOVY OAY3S VNNIINY ONIAIDTY ]

IIA Uoljdoeg ZIT-SIN



9%-L/S%~1 »

we1derq OT)BWIYOS ‘910SU0) ®IB(
uorysmboy puersy §,d48doo) 03 (yvv 3dsoxy)
| Juswdmnby [eudeixd WIOI SHNOIL) UOHEOIPUL o~q '[3-. oandid

ﬁ _ SHOLVOION! dVUM 318Y] SHOLVIIONI 300W 1'ON VNNIINY ONILLiWSNVYL SHOLVOIGN! dYHM 318V0 SYOLYILON] 300W 20N VNNILNY ONILLIWSNYYL SHOLYIION! 300W ¥VOYY 91-Sd3 SUOLVIIONI 300W YVOVY L¥OTHIA * 90 A8+ SHOLYIIONI 300W Q1Y NOLLISINDIY 3ALLIY TTIH NMOL ﬁ H L
| ol At & SON WML % & ~ » \ i TR * /YVEL OTVA_ GIAVTS T VAW _,, :
| _ NN vive OHILLIWSNYHL 7 0VIS _IVANYW N 47 ONILLIWSNYEL JRELTAEN _IVINYW U 77 XOVHL QYA 035 _IONYW o/ _IVONYW ¥OVHL 617VA ] M ] L 4 !
_ 990950 040950 20950 90850 90950 020950 ¥20950 ‘| 920950 910950 010950 : 0£0350 ¥£0950 §¢0950 _
290950 190350 730350 £90950
_ HLNOS HLYON HinoS HLUON , S
$90950 6£0950 190950 _ £00950 $90950 610950 £20950 520950 $10850 600950 , 620350 E50850 ” g |
, ’ 2 2 !
_“ iy P e
90 A2+ ,W T tle oo e [
| ¥ M |
90 A3+ 90A82+ 0A82+ ” ¢ S A v_ ’ ‘
. ) . i
L ~
810981 10 90 § £99 69 o b 19 29 2098 smoseifro SO €0 19 _ 2 oosel $2¢ sd T T v |ooosal {90 90 fetosar § 10 |so0sns “ § % o 1) |srosa |
J ! |
_ = (QNYT$1 543d009) 30SN0D VIV NOLLISINGIY : _ . S . d
[ T - {
) | )
I I I | | | |
INI18Y) " _ _ _ “ “ “ L L awnens _ “ | I _ “ LA w
sk || ! I Ly Lo sliswn WNEYD LISHIN i _ _ H | [ svn :
“11N9¥19 31¥9-39NVY 3HL 40 _ _ _ I | i _ _ _ | | :
NOILYEI0 HONONHL 03719¥3N3 SIWOD38 AY13Y L3ISUVL NO ¢ | _ | _ _ | ; !
"NOILISO LIVANYW, 3HL NI NMOHS SIHOLIMS 10W3Y 1¥007 2
“IYANYW_INIWdIND3 0L ¥343Y *NIMYYHO SIHL NO : w _
NMOHS YKL 0 INIONIA3ONI SI 11n9¥1D HOLYION! 1¥907 3Kl “
"£02S HOLIMS A8 OY AE'S WONJ 03LY¥3d0 34Y SYOVY 0AHIS
VNNILNY ONLLLIWSNYHL NO SHOLYOIONI dv8M 318¥D 1¥901 !
—S310M !
: /
N 3 i
| Twamed || _ N .| | . - — e _ _ _ | [ ! _
f it | T 1 - § ; Wl i N i
| _ P NN - | §65 5o [oomar §90 s 1o €0 |awner | _ LN ¢b 1o |owsnr 1% 1o | SEE" M _ {20 9 | vQ |vooss %
| 1| _ ,_ _ | T — _ _pln 3 — - N ,
| _ 753 1 | Y20 co 10 [um  emfioad ag 7 wellsomond d 1 1 $29 0 15 Jam  eum{nd e0 a0 § wm[ad o aid f _ i “ |08 MouLown? l_ I“ _ —— |~ — _ S S |
W —t o e e A ————=— |- A ——— T £ 1 —_ — T A “
_ _ _ _ _ | “ _ _ 2000010 vQl €0 | cossgai[zod §oio |sossea Joio Jsosscard bz] cososn : _ !
| _ _ [10¥8) 310500 ¥¥OVY W3LSYW 900850 800950 , 010850 ,
_ Jvww Il | _ _ || noigd| _— §00154 | | | . . . |
Y3 $10 89 90 |w0mm I I VR B U A N T T Y A O R N S Y _ _ | oY Y : 4 . v
2AAAN N2 2 4 14 | i YYY vYY _ _ | _ _ _ 9 v v _ 040¥ ¥YY o GIAVISYYY | 90ASZ+O—IVINYW Y¥Y
- 9 [ N 2 ° } . —— s e e e ] i
| 108t O / ya\ Y z Y /u\ “ N ||||||_ YVYY YYVY _ | “ _ Holer gy - —— Sooer < p | p
r - 1 —_ =] 11 — o — —_ — =TT ter I RN A A S AU B B B 500850 100950 600950
— e JEU PSS R ¢
_ o [ ] | r—— = —_———|—|—|— [ _ | — == _ _ || | l_l_ L g \O (14300¥ | | _ | |
- _ [ B M 1 | | |  Lnduld . _ LINO¥ID _ | 10Uk Yiva) C [ 13wve 0301 ow3y | _
_ _ | §deg ndJsoza | P e | apeg o Joa AT | _ _ | | woLingusnd £ NOLLNAHS 1Y | 11 o200 5 gyougs | - T vamve oaon 3sowau ] | i
| _ _ 280 | | | JL0W34-1¥901 | i _ - 310W34-1¥007 - _ | | i _ | | Slowst ol ORI o1 | RELELE ) ] oww sy N3N 3058 || ”
18 r Ml H _ ol "5 _ i A : ; ,
| _ ME I Pl |11 : _ 1E l“ e _ “ * * _ b _ _ _ N A~ | _ 116681 Co (¢ 310 335) | | ; _
N~ | | _ | | _ | “ | _ _ _ _ _ _ Lo e _. . R | v _~ .__ > _ _ gooIsr n | :E&w:: No| ,, i
—O e —O -0 -O > - - - - - - 00€) \ALRLLLE] YVY Wold AR YE
ML _ _ _ | & T _ “ 1 Te L] | 12 s | b | _ | (T 1L ooy @s1 | | | 800154 I g L (90A82+) NOLLYDIONI (90A82+) NOLLYZIONI (ONNOY3) NOI1¥DI NI
| ¥3mod 01 _ #02$ L™ s _ 201 f #028 _ 1015 b ™0 _ E 300W 03AY1S M 300W IVNNYW NI i , | I - | 300W 010V 200W IAVIS 200W WANYW
dvum 318Y9 _ _ L___ 21 | ) dvim 318v0 —_— —_— ONINOYYL J1LYWOLNY St 91-Sdd NIHM 51 91-Sdi N3HM _ I NVd 10HINOD 300W ONY 0dv _ _ _|I_ | u | _
[ _Addns uamod | AUYITIXNY NOILYA313 ., AgvITIXAY NOILYAI3 HINWIZY Rl 51 91-Sd3 NIHM 035079 AV13Y 035013 AV13y | w— — o §
Bkt 3 HIWIZY ! L I g
| ] _ 035070 AY134 L , T3NYd 108100 J L 7 I
_ (YIAI39NYE)) _ ) _ 11NN YOLYIIONI 10HLNOD ] ~ _ AIND HOLYIIONI T0¥INOD ] _ —_— — 832: SBE Iqooer ——
¥3A13034 -3 LLIWSNYYL V153034 10N —_——— e — { 1153034 270N — _ _ HOLLISINDIY

INLOW3Y QNHONAS | YHNILNY SNILLIWSNYHL | | SOVH OAYIS TON VNNILNY SNLLLIWSHVHL | YNNILNY SNILLIWSHYYL | NOVY OAYIS ZON YNNIINY ONILLIWSNYAL _ YOy 91-Sd _ i NYA LHOTY3A | _ (T11H NMOL) FT0SNOD VLY
1
|
IIA uonjosg SII-SIN ,
|
w

|
!
j
¢
M
|
| |
i
!
|




8Y=L/LV~L

ureldeyq O1BWAYOS ‘Jusw
-dmbg 1eUISIXH 03 e]0SuUO) BB UOHSMbOy
puers] §,10d00) WOIy SIMOIY) WOTIBOIPUl -0 ‘ZZ-L 9Indig

_ LHOTHIA WOHJ (ONNOYD)  91-Sdd WOUS (ONMOYI) 0 Awe+
_ NOLLYOION YOVUL O1IVA  NOLLYOIONI YOVHL 11VA _ b R
r WoLIMS 304n0S | [ | woums 3wnos ™1 T Woums amwnos™ | 1 T " [woumssomesav] T houims ]
| _ _ 91-544 “ ! TIIH NMOL _ _ NOILISINOOY u>=o<_ | 394n0S VANYW |
_ 800950 020950 “ _ | P oo _ “ 960950 Sl “ FT g wsso “ “ woss  pR _
—O— 4 | _ | oso09s I@J _ Nm.\_ ﬁl@J 950095 _ _ _ th\_ _|©.|_ 950095 _
[ I I
_ L o ovsL 0 70SNOD YAVG KOLLISINGY “ _ _ ase Tt o _ Tt oo |
_ 010950 610950 L I - _| IIIIIIII - S I I I
_ 2 31 Jsoosas § Qs Jooosas § Q1 ] siosa § 9 Jotosas 3 be]roosn § ot Jamn
090A82+
] “ | | | _ | | _ ] I | | |
INIBV) | _ “ _ _ _ | “ | _omnv
LISVULNE | I _ “ i LISYHINT
i | I | _ | | I
—|I " _ 1 T T T - n|||.||||||||||| T T
v N ¥ N | 53 T 29 £0 3¢ 10 ] 181 ] W13 T08IN00 | 5 99 08 Qf Q! 01| _EE“
3 3 3 J _ _ HYOYY LHOTHIA
( - S— | | woysoamee+ L | _ |\ __ |
_ l“ _ | Ty s & o¢ & Q ¥ ] oseva. |
_ |
| | ]| -
_ | _ AM §50 vag AW 250 AW £50 1500) | | 10s0v1 S0306T 509091 209061 £09041 L
_ h_%&w_“nc \ ,_%ﬁo%“_,_; _ QIVONYWIOOY VYY"~ TIIH NMOL 91-5dd 1H0743A “ _ 1807838 91-Sd4 H KMOL VYY (TYANYWHIY w |
| lvowan TRV ONVISI 5434000 . | aNY 7S] $834009 ;|
N N
_ T3NVd T0U1K0D Y1¥O BYOVY ] _ L SHUOLYOIONL 3080 N8 NOLLISINDOY 1NYd 0OVHL | L SHOLVOIQN] 30HN0S SN NOLLISINDDY TINV4 108100 Sntbis |
L — — —— — — T —— S—— — —— ——— — ——— S —— —— — — — — — — IIIIIIII‘II'IIII"I'IIIIIIIIIIIllll
| ¥31N3D 1041N0 I INI0UNG 91-5d4 1 NVA JH0TH3A |
ITw

|

IIA U009y SIT-SN . !



0S-L/6¥%-L

weideiq opswmeyog ‘(puwys] s,15doop) ,
arosuo) ®vjB(d UOPISMbOY 03 SUOHBOIPU] o< pue |
S{00[103U] PV UOHISTbOY SA1IOV JO SHMOILD  *£2-L InBrd

_— #00950 N
o 031
2
£00950
200350
_
SHOLYI 10N
T T T T T T T T am i T T T a 100950 > 300w a1
A1ddNS ¥IMOd AYVI3Y ONY 01313 NOLLISINBIY 3AILIV
————
. _ | 7| —
_Il | 8 | _ 310509 _
™ _ 20 _ 041N03 _ |
PN NN .
10SN09 104LN0? k4 377 I 1 | _ e $00950 |
Q1Y NOILISIABOY 3AILOV _ _ _ | | _ |
_ 9siy 29Iy | _ ol 90A82+ !
_ SSily 1911y | ¢ 1 %] 4 MW |
L _ _ _ 9 _ £ |
| 26HY¥D  £511¥9 —_
————n $061881 900981 y
_ _ _ _ | $00950
N— N— — )
_ SAY134 1041N0D SAV134 T04IN09 ey |
—_— LS o 300W NOILYAI3 300W HINWIZY LY ‘
| i i y T, | |
| r———— | s |
_ | sE,__ _ | ~J/F° _
_ [ dzto— AfP_ | | _ _ “ | | _ _1,“
_ | xaaans wamoa | 95T Toe _ L
[LAI3Y ONY 00314 | _ _ _ ol —v €
_ —_——— _ _ | ENFIN rIIIL 9sir 10684
108184 98T L
— 1INIEYY 0ANIS TVONYW 3AV1S olny _ _ - ——_— e —_— —_——— ——
; QI NOLLISINBOY FNILOV _ | sosiss | sosiss w0195 | _ Sl
- I P M | M X
A oL 6ieL 010981
gsia P 6118,
1 a] [z 2] v
X ! £
o o o 410095 i (SNOILOIS NOOTHILNI)
L L~ ! HOLIMS 308N0S
77 QY NOILISIABOY 3AILOY
sy f
H100S U
802150 4 ,
AN 2/ '
SHOLYOION!
dvim S4)
38¥) S aS
7
H1YON 10211 wed
L0zise “l A1ddns »QI“ e 1sild
¥IMOd AVI3Y ‘a0
| oNvauly T
0 asz+0———1<3
(INIWIHYIWOI HINWIZY) _ “ | m _ ‘SHOLYOIONI 4VUM 376V0
1S303d Q1Y NOILISIADIY JAILOV L ,
| $ v s0—0s] A0S Q1Y NOLLISINDOY IAILOY
_ N~ ) 490950
b 1 9 A_w ,
dY¥m 118v) na%ﬁ? o o0 o [ :
° gl € ¢ bl 7] ”
[ 51 ] [ 2 _ _ ~ 600981 w
50261 90181 el 200981 §30950 (ONYISH S¥24009)
| . | 1INIEVD OAY3S QIV NOLLISINDOY JAILOY ] | 10SN09 Y1VG NOILISINGIV

IIA Uol0es SII-SIN




eS-L/1S"L

weilwlq OPBWOYOS
| ‘ymoar) £jeyeg euuomy prV uopisinboy eApoy  *$g-L oandrd

"WH041v1d VNNILNY 01 INIOYI] ¥30eV7
40 401 V3N QIINNOW 3YY (ATAW3ISSY INO) LHON
ONINGVM ONY HOLIMS 3301N0 ¥IMOd JAINQ VNNILNY'E

"NOILISOd (321943IN3 NI NMOHS AV13Y 2
"NOILIS0d (ONILVYIJ0) NNY¥ NI NMOHS STHOLIMS 1TV'I

— 5310
153034 ] _ — e
. o HOLIMS OA¥3S —_——
0¢S o 2 R et YNNILNY _ SGHF SQld ¥31411dWY HOBNI 3TINY
§.§w§% , —_.,ww(r._._ _,W.._ _zm.f.._ _..M._ 5 & | 00— _ > 1) _I,M._ _MJ {W¢€ _ — 01 6—=¢ ] ”
L3 (8] Lot osid tosir | | rosit ioeia A E ISId 1817 _ 0154 OIr _ U - _
¢0g81 ¢0z81 90281 (3705N02 T041N09) 8
90181 80181 | oSt LN0D, 80181 e
YNNZLNY _ ] H3LITdWY
g0s8L{ 6 e e _ Nl oR¥3S 01 40
| a9 | _
| : |
<50 A00g+
e ] o=
Addns -
W Ohv
oisr
102 2025 T _ bt
HOLIMS AL34VS HOLIMS MOLS v
Hwizy o o o HIWIZY _ _ 01Gd
90281 § 69 019 e 3 | ¢ | sone sona
L <&
_ _ | m |
I _ —- — 3¢ —000 A82+| ,.
A - g wsne L) m
HOLIMS | A | L& b |
430100 yimod | | 90281 90181 el
WHOWAIN || e |~
||+ _ 2 ,
1491
ININYYM _ | _ v Asll »
— ;
_ [ _ _
e o !
| s | | oL 13INIBYD OAY3S w

DA Uol3oag SIT-SHN




PS-L/89-L

-mexdviq

opBwIsYog ‘IMOI[D HoOoTTequ] BujAe(S 9T-SdJd

T

‘gZ~) oandrg

s saon ]

(ONVYS! S¥34009)

J10SN0J VIVa NOLLISINGOY

HOLIMS 334n0S 91-Sd4

IIA U01308S

¢II-SIN

H

181 . _ _
20 §+|Im : o | _
1 _ _ _

e v

S1100419 v | 8 | _ ¥£009S 7O 9 _ “

T0UINGD 300W | 01081 _ I _
3105H09 DIV 01 1 “ | _
1 | L) | esoes 40— | |
€8l _ | 609l | |_. [ _
e I _
| Tosw vovur L




9G-L/GG~L

wexdel opewIayog ‘oT0suo) vied
uonIsmboy IfH uMol, 03 (YVV 3deoxd) jusw
-dmb3j [eWroIXd WIOI} 8IMOII) UOREOIPU] O-0 *9Z-L By

TIVANVW

ANIWIND3 01 Y¥343Y INIMVYYQ SIHL NO
NMOHS LVHL 40 LNIAN3IJ3ANI S! L1INJHIY
YOLVIIONI TvI07 IHL "€02S HILIMS A8
IYAE'9 WOHS 031VH3d0 3YV XIVY 0AY¥3S
VNN3ILNY NO SHOLVOION) dY¥M 378Y¥D V301

—310N

A Uoyeg

[ V15303 YNNIINY 9NIAIZO3Y J_ [ HLNOS
- - " | cdessl 500950
| S . = o
2 1 2 g N
_ dY¥M 378Y0 f | 54 2 L4 avum 8w
| Aoy gsw o ; 2 S DA ~ T VANILNY oNIAIZO3Y
n 1 e N4
_ ey _ _ L3 — b HLHON
028l | 10181 21181 £00950
L 1 _
“||_.|.I|I.|||II|II.II._ 210950
_ _ . ] _ (¢ _ 03AY1S
_ | Z& _ _ TN2ST GIAVIS )N\ VNN3INY 9NIAI303Y
_ _ _s_:z:“ 1015 i | e ]
_ [ 7 g _ XA _ 110950
|| L __J R
STHOLIMS _ _
_ | 310W34 19907 _ _ _
R | , el
_ _ | & _ S $10950
| winwizv | 2018 7] T ra : 090 A82+ _|©ll
_ | ) leoel WANYW
| _ L ] _ < VIRV W YNNILNY 9NIAI303Y
. ] _|©l
_ YOVY OA¥3S YNNIINY ONIAI303Y 10950
, I
_\ (43NI30SNYYL) ¥IAI30TH-HILLIWSNVYL ONILOWIY ONHONAS
T 1 -
L e ;
8 N\
_ _ - S | 17 ; {i § o - 260950
o L - - O )
| I i oo —O—
Iyqyl o - ¥IMOd ¥NIT VY
_ | Addns ¥amod | jogr 1064 [ L] E N\
||||| — 181 £00981 N
L 1£0950
3105N00 Y1¥O NOILISINDDY _

¢IT-SIN




8G=L/LG~L

wexdelq dpewayog ([ITH uMol)
s[osuo) ejeQ UOIIISTNbOY 03 SUONBOIPUI O] pue
SYOOLXIUI PIV UOIISMbOY 2A10V JO SIMOIYD  *Lzg~L 9In3Ig

——— ——

[ 800950
O 4
N\
o 03AV1S
£
100350
900950 |
H
| | f o |
_ K1ddNS ¥IMOd AVIZY ONY 01314 ]  Soossa NOILISINDIY 3AILOV ,
—_— _ [ qosn0 | , i
_ 081N0D ,
LW;! N TS _ a , :
J10SN00 108IN0D > 23T howLIS nBov 010950 W,
Q1Y NOLLISINDOY IAILOV _ _ _ _ _ ;
_ _ 9ciy 291y _ _..U 30A92+ “
_ _ _ SSiI 1911¥ _ _ ; Vnvw
_ _ 218D £11Y0 _ y00931 o
_ _ “ _ _ 600950 d
T— S — Q ]
_ _ SAYI34 10410 SAVT34 T0LNO9 ey | ” w
_— N 300W ROILYAZT3 300W HIOWIZY _ _ M M
N | pe T - | | | |
—_—— - |—— | [
_ “I B i ﬂ__ _Eéwﬁ 3NV LS| "] vosiesl _ _ N o1 | | !
e PraE R ] 1 T |
| x1aans uamog | 9817 N _ | [? _ _ Cve : “
[LAY134 ONY 01314 | _ _ _ Tl ¥
13y WY 01314 I S | senr tosied
| | | | AR n
1INISYD 0AY3S _ TYNNYW 03AVIS olny — __ow;m ssne - - - - T T T .||||ll_ H
v OISO 3hov | sosi0s 909195 0095 | _ e L= , m
S (S F—— A" m W
N 0nal 61181 v00981 !
gsng P L —
n—, 2 2 7 v _
O O O !
J L & 310085 § (SNOIL03S NOOTHILNI) |
L .l ! HOLIMS 394N0S ,
, _ 01V NOILISINDIY JAILDY _,
i ESMITN_ |
H1N0S ; |
802150 . “ 1 !
) > W “ M
SHOLYOIONI 7 |
dviMm > U {
ENELH] N\ NN :
@\ 7 &\ t w
H1HON toaie 02t ! :
102150 [ ans J_ isur - 1snd { _ .
— | wamos w4170 |
| NV _ M ! !
2_§+o.|_Aw | !
(LIWLNIWOD HIAWIZY) _ “ _ ALl_ | q
153034 Q1Y NOILIS _ . — mlvolkm c_ el 400901 H1N0S SHOLYOIAN) dYHM 318Y) *
_ | i 200950 01V NOILISINODY FALLOV !
o o b 1O w
< 9l 1 i L] ™
dvim 318Y9 8%@ ° 'R o © iy i
: w I Be m
50281 90181 g8l ¥00984 _&_@3 (7710 NmoL) :
L 1INIBYD OAY3S QI NOLLISINDIY 3AILDV _ _! 370SN09 V1VQ NOILISINGIY i
|

)
TIA UO1309g 2I1-SIN A
|
[



09-L/6S~L

wexderq opewmayog ‘SINOIID
I0JUOI OfpnyY pue uoleoIpu] yBusalg [eudlS 82~ oandry

H314171dWY 010nY 106881 KN 10 _

‘11 01 03193INNOD
S¥3AI303Y A¥LIWITIL ONY) YNNIINY YVV-2 _E__ @ Y N

| ("1 01 Q3193NNOD
| SYIAI393Y AULIWITIL ONV) YNNIINY ONIAIZD3Y - |

| '8 AONINDIMA A¥LIWITIL-8 —p P v
| ¥ AONINDINS AMLIWITIL-Y
W — *SMOTI04 S¥ G3AI30 38V 28 ONY'IG'2Y ‘1Y SNOILYNOIS3] | Y Y S o
81883 l_ —310N _ . 5] J0A92+
. .I _ — M L _
“ L |} _ | & LI A wosass | /7 q0£268 1iog8s A ol |
A —o—© 040 (o] C.hi W O
_ g U3 | N YN9IS TVHNY 28 | .w. e op "y b ﬂ 1082950 01 ) 1]
JETELVAEN
o ﬂw _ | A7 A fuo P 0 oo s SOSISRL  HOSLEE
_ § _ TN9IS TVHY 18 _ il Y
R
—_— (XY 0301A)
481960 | HILAVOVNYA VWY
_ | wou olany
.
_ (0 13N18YD) ~_ A ) | _ m\m m |ﬂ.
v | N _ TYNOIS TVENY 2V _ T 3031681 {90 SO #0 £C 20 |
_ wiawaay | oo o
0l _
.. 51
_ § | WNOIS WY 1Y | oo
L l_ | 5061881
1 _ r— v uaaw wenaws waes | | | | |
f - | — |
| | NOLLYOIONI HIINIYLS TWNOIS 28 _ 13 " ; AU
o | | ; Y o o bW , #50
| _ | by A
7 _ M 9 | NOILYIION! HI9N3YLS TYNOIS _ M N 2 o ® <0
7 (ALINIBYD) | 1 _ _ § ¥oos § 1y
1IM8Y9 _ _ _ £y AW _
1ndNt o _
S| v | NOLLYIIONI HION3NLS TWN9IS 2¥ _ ’ _
v _ _ £ _ ,_8& kT W AU w0
ﬁ g
7 o _ _ ° | _
| AN NOLLYOIONI HLINIULS TVNOIS 1Y _ e ]
o- o ¥0b2 W 150 _
1] _ _ L] s Y k!
19180 0151881 W ¢ _
SHILIW
e _ HIINIUIS TYN9IS _
R Ty T T T T T T _

ITA UO1095 SII-SIN



29-L/T9~L

wexderq Surjqe) Buposuucoxsiu] welshs uopRIsmMboy  *gz-L 9anSig

( TIH NMOL) r-.-— — — — — — — — — —— —— — — — —

I ]
INQTING ¥IAIIIY NV AMLIWIAL L J J MG 91-Sdd
_ T £1gL bligl _ _ _.ﬁ Sonim
POETM _ X08
_ YOvY 0AN3S f YIWHOISNVYL
WaLSAS , p, 48N vaniaoay i [ { NOULREIALSIC
INILOW3Y j
OYHINAS —T lig _
!
1958 cal 681 :EL.;E |
e ] .j_z,w..;o:Lm BT _ YIWNOISNVAL oV
! NMOG-d3L5
Q_E/.Y_ /wem www_._._&;w%a . w__«ss 0151981 191 88A LndNi e B6EIM
L13Nigv) oau3s [~ 9T ul NOLLISINOOY MLov _
alv NOLLISINGDY [Bin 2081 SoeIvl
INLIY - { £201
X08 1115 vald L6l | #43A13034 LM —E
6N €118l el NOILASIY1SIO . AwaaL _ 1PN / L - ¥ESIM
_ ¥IM0d | 9181 I
| WILSAS
, pil
, INILOW3Y 181
) ‘V_” A i
s _ i 19 OYHONAS  [2g) (ONY1S! S¥34009) —\ A
ELARE ¥ HIAITON 618
NOILNGIYLSIO , LW I|Im§_; 3705N09 ¥1VO 1281 .
_ i ! vl 800 _ 7 YT \ o181 NOILISINDOY H gy o) N__VK
R T
| BEEIM
1851 98¢IM : 4 gL QIS GOVIM /mm B0l zo:%_ﬂzuh
_ S9gIM L —Tonm
—_— -V V- — — —_— — — — LINBY) 0AY3S lf__s Nﬁ m__z £81 318V :
Qv AoLISInOaY 1] VA H g6em o
2281 gj WAQE 591 S
9LpIM
N A
= pim tzonial) ocomel|  SeeIm
_ L ) =
_ . i1 X08 NOILONRT ..._|\
¥Lve 1108181
N _a:h_ﬂ&ms RELLY wogdl]  91-Sdd —
T £108181
,. .sgs_u._ N_s____u._
065 166
- - 0pIM |||||||||._ W
. [ (ONVTSI $¥3d002) INIQTNG TOAINGD ONY AMLIWITAL plig) o "
_ FELIM VY 0AY3S _ , W
i Tigll 2N YNNILNY
T 181 A INLLIWSNYYL
%08 _
NOLLYNIWHZL 38V [}— N N__m&h ___e.._h
1407434 281 08
- HOLLYNIWY3L FAIL) _
¢ 0 , 78v) T2LIm
. 2181 ___,_:._._ _
! LM YOVY 0AY3S
|
w0’ | szom VELIM tiall 10N YNNILNY
INILLIWSNYYL _ |
m vt _ " ﬁ £2LIM plial ,
| WY 1041H0
RVA _ NoiLngitsia  [] (] Yiva ‘
Y
1¥0793A um S96IM i vavy

e _ N

A Uo130eg Nﬂuwﬁ



